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From Shakespeare to Plato — from the philosophic poet to the poetic philo- 
sopher — the transition is easy, and the road is crowded with illustrations 
of our present suhject. 



Hast thou ever raised thj mind to the consideration of existence, in and 
hy itself, as the mere act of existing ? 

Hast thou ever said to thyself, thoughtfully. It is! — heedless, in that 
moment, whether it were a man hefore thee, or a flower, or a grain of 
sand, — without reference, in short, to this or that particular mode or 
form of existence ? If thou hast, indeed, attained to this, thou wilt have 
felt the presence of a mystery, which must have fixed thy spirit in awe 
and wonder. 

Coleridge. 



London: 

Wilson and Ooilvy, 

fl7, Skinner Street. 



PREFACE. 



Since 1848, when the ^^ Poetry of Science" was first 
submitted to the public^ two editions have been ex- 
hausted. This, were proofs required, would of itself 
show that there is a large circle of readers to whom 
the deductions of sqience have an unfailing interest. 
Beyond this, it conveys an assurance that every truth, 
however abstract it may appear, has a large popular value 
if studied in its relations to those generalities which 
embrace great natxu'al phenomena. With this *per- 
suasion the third edition of the " Poetry of Science" 
has been extended so as to include all the important 
discoveries which have been made in Natural Philo- 
sophy to the end of the year 1853. It is now pre- 
sented to the world in a new and cheaper form, in the 
hope, that, with the extension of its circulation, there 
may be awakened, in still larger circles, a deep and 
healthful interest in the sciences of which the volume 
treats. 

R. H. 

Edinburgh, March 7, 1854. 
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INTRODUCTION. 



The True is the Beautiful. Whenever this becomes 
evident to our senses^ its influences are of a soul- 
elevating character. The beautiful, whether it is per- 
ceived in the external forms of matter, associated in the 
harmonies of light and colour, appreciated in the 
modulations of sweet soimds, or mingled with those 
influences which are, as the inner life of creation, ever 
appealing to the soul through the vesture which covers 
all things, is the natural theme of the poet, and the 
chosen study of the philosopher. 

But, it will be asked, where is the relation between 
the stem labours of science and the ethereal system 
which constitutes poetry ? The fumes of the laboratory, 
its alkalies and acids, the mechanical appliances of the 
observatory, its specula and its lenses, do not appear 
fitted for a place in the painted bowers of the Muses. 
But, from the labours of the chemist in his cell, — from 
the multitudinous observations of the astronomer on his 
tower, — spring truths which the philosopher employs to 
interpret nature^s mysteries, and which give to the soul 
of the poet those realities to which he aspires in his high 
imaginings. 

Science solicits from the material world, by the 
persuasion of inductive search, a development of its 
elementary principles, and of the laws which these obey. 
Philosophy strives to apply the discovered facts to the 
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great phenomena of being, — to deduce large generalities 
from the fragmentary discoveries of severe induction, — 
and thus to ascend from matter and its properties up to 
those impulses which stir the whole, floating, as it were, 
on the confines of sense, and indicating, though dimly, 
those superior powers which, more nearly related to 
infinity, mysteriously manifest themselves in the phe- 
nomena of mind. Poetry seizes the facts of the one 
and the theories of the other ; Unites them by a pleasing 
thought, which appeals for truth to the most unthinking 
soul, and leads the reflective intellect to higher and 
higher exercises ; it connects common phenomena with 
exalted ideas ; and, applying its holiest powers, it invests 
the human mind with the sovereign strength of the 
True. 

Truth is the soul of the poet's thought; — truth is 
the reward of the philosopher's toil ; and their works, 
bearing this stamp, live among men through all time. 
Science at^ present rejoices in her ministry to the require- 
ments 'of advancing civilization, and is content to receive 
the reward given to applications which increase the 
comforts of hfe, or add to its luxuries. Every improve- 
ment in the arts or manufactures, beyond encteasing 
utilities for society, has a tendency to elevate the race. 
Science is ever useful in the working days of our week, 
but it is not to be neglected on our Sabbath, — when, 
resting from our labours, it becomes agreeable to con- 
template the few truths permitted to our knowledge, 
and thus enter into communion as closely as is allowed 
to finite beings, with those influences which involve and 
interpenetrate the earthy giving to all things Life, 
Beauty, and Divinity. 

The human mind naturally delights in the discovery 
of truth ; and even when perverted by the constant 
operations of prevailing errors, a glimpse of the Real 
comes upon it like the smile of daylight to the sorrowing 
captive of some dark prison. The Psychean labours to 
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try man's soul, and exalt it, are the search for tmth* 
beneath the mysteries which surround creation, — to 
gather amaranths, shining with the hues of heaven, 
from plains upon which hang, dark and heavy, the mists 
of earth. The poet may pay the debt of nature, — the 
philosopher may return to the bosom of our common 
mother, — even their names fade in the passage of time, 
like planets blotted out of heaven ; —but the truths 
they have revealed to man bum on for ever with im- 
extinguishable brightness. Truth cannot die ; it passes 
from mind to mind, imparting light in its progress, and 
constantly renewing its own brightness during its dif- 
ftision. The True is the Beautiful; and the truths 
revealed to the mind render us capable of peirceiving 
new beauties on the earth. The gladness of truth is like 
the ringing voice of a joyous child, and the most remote 
recesses echo with the cheerful soimd. To be for ever 
true is the Science of Poetry, — ^the revelation of truth 
is the Poetry of Science. 

Man, a creation endued with mighty faculties, but a 
mystery to himself, stands in the midst of a wonderful 
world, and an infinite variety of phenomena arise around 
him in strange form and magical disposition, like the 
phantasma of a restless night. 

The solid rock obeys a power which brings its con- 
geries of atoms into a thousand shapes, each one geo- 
metrically perfect. Its vegetable covering, in obedience 
to some external excitation, developes itself in a curious 
diversity of forms, from the exquisitely graceful to the 
singularly grotesque, and exhibits properties still more 
varied and opposed. The animal organism quickened 
by higher impiilses, — ^powers working within, and modi- 
fying the influence of the external forces, — presents, 
from the Monad to the Mammoth, and through every 
phase of being up to Man, a yet more wonderM series 
of combinations, and features stiU more strangely con- 
trasted. 
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Lifting our searching gaze into the measureless space 
beyond our earth, we find planet bound to planet, and 
system chained to system, all impelled by a universal 
force to roll in regularity and order around a common 
centre. The pendulations of the remotest star are com- 
municated through the unseen bond ; and our rocking 
world obeys the mysterious impulse throughout all those 
forces which regulate the inorganic combinations of this 
earth, and unto which its organic creation is irresistibly 
compelled to bow. 

The glorious sun by day, and the moon and stars in 
the silence and the mystery of night, are felt to influence 
all material nature, holding the great Earth bound in a 
many-stranded cord which cannot be broken. The 
tidal flow of the vast ocean, with its variety of animal 
and vegetable life, the atmosphere, bright with light, 
obscured by the storm-cloud, spanned by the rainbow, 
or rent with the explosions of electric fire, — attest to the 
might of these elementary bonds. 

These are but a few of the great phenomena which 
play their part around this globe of ours, exciting men 
to wonder, or shaksing them with terror. 

The mind of man, in its progress towards its higher 
destiny, is tasked with the physical earth as a problem, 
which, within the limits of a life, it must struggle to 
solve. The intellectual spirit is capable of embracing 
all finite things. Man is gifted with powers for studying 
the entire circle of visible creation ; and he is equal, 
under proper training, to the task of examining much 
of the secret machinery which stirs the whole. 

In dim outshadowing, eartVs first poets, from the 
loveHness of external nature, evoked beautifiil spirtualiza- 
tions. To them the shady forests teemed with aerial 
beings, — ^the gushing springs rejoiced in fantastic sprites, 
— the leaping cataracts gleamed with translucent shades, 
— ^the cavernous hills were the abodes of genii, — and the 
earth-girdling ocean was guarded by mysterious forms. 
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Such were the creations of the far-searching mind in its 
early consciousness of the existence of unseen powers. 
The philosopher picked out his way through the dark 
and labyrinthine path, between effects and causes, and 
slowly approaching towards the hght, he gathered 
semblances of the great Reality, like a mirage, beautiiul 
and truthful, although still but a cloud-reflection of the 
vast Unseen. * 

It is thus that the human mind advances from the 
Ideal to the Real, and that the poet becomes the philo- 
sopher, and the philosopher rises into the poet ; but at 
the same time as we progress from fable to fact, much 
of the soul-sentiment which made the romantic holy, 
and gave a noble tone to every aspiration, is t6o 
frequently merged in a cheerless philosophy which clings 
to- the earth, and reduces the mind to a mechanical 
condition, dehghting in the accumulation of facts, re- 
gardless of the great laws by which these are regulated, 
and the harmony of all Telluric combinations secured. 
In science we find the elements of the most exalted 
poetry ; and in the mysterious workings of the physical 
forces we discover connections with the illimitable world 
of thought, — in which mighty minds dehght to try their 
powers, — as strangely complicated, and as marvellously 
ordered, as in the psychological phenomena which have, 
almost exclusively, been the objects of their studies. 

In the aspect of visible nature, with its wonderful 
diversity of form and its charm of colour, we find the 
BeautiM; and in the operations of these principles, 
which are ever active in producing and maintaining the 
existing conditions of matter, we discover the Sublime. 

The form and colour of a flower may excite our 
admiration; but when we come to examine all the 
phenomena which combine to produce that piece of 
symmetry and that lovely hue, — ^to learn the physio- 
logical arrangement of its structural parts, — ^the chemical 
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actions by which its woody fibre and its juices are pro- 
duced^ — and to investigate those laws by which is 
regulated the power to throw back the white sunbeam 
from its surface in coloiu*ed rays^ — our admiration passes 
to the higher feeling of deep astonishment at the perfec- 
tion of the processes^ and of reverence for their great 
Designer. There are, indeed, ^^ tongues in trees ;'' but 
science alone can interpret their mysterious whispers, 
and in this consists its poetry. 

To rest content with the bare enunciation of a truth, 
is to perform but one half of a task. As each atom of 
matter is involved in an atmosphere of properties and 
powers, which unites it to every mass of the universe, so 
each truth, however common it may be, is surrounded 
by impulses which, being awakened, pass from soul to 
soul like musical undulations, and which will be repeated 
through the echoes of space, and prolonged for all 
eternity. 

The poetry which springs from the contemplation of 
the agencies which are actively employed in producing 
the transformation of matter, and which is founded upon 
the truths developed by the aids of science, should be in 
no respect inferior to that which has been inspired by 
the beauty of the individual forms of matter, and the 
pleasing character of their combinations. 

The imaginative view of man and his world — the 
creations of the romantic mind — ^have been, and ever 
will be, dwelt on with a soul-absorbing passion. The 
mystery of our being, and the mystery of our ceasing to 
be, acting upon intelligences which are for ever striving 
to comprehend the enigma of themselves, leads by a 
natural process to a love for the Ideal. The discovery 
of those truths which advance the human mind towards 
that point of knowledge to which all its secret longings 
tend, should excite a higher feeling than any mere crea- 
tion of the fancy, how beautiful soever it may be. The 
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phenomena of Reality are more startling than the phan- 
toms of the Ideal. Truth is stranger than fiction. 
Surely many of the discoveries of science which relate to 
the combinations of matter, and exhibit results which 
we coidd not by any previous efforts of reasoning dare 
to reckon on, results which show the admirable balance 
of the forces of nature, and the might of their uncontrolled 
power, exhibit to our senses subjects for contemplation 
truly poetic in their character. 

We tremble when the thunder-cloud bursts in fury 
above our heads.. The poet seizes on the terrors of the 
storm to add to the interest of his verse. Fancy paints 
a storm-king, and the genius of romance clothes his 
demons in lightnings, and they are heralded by thunders. 
These wild imaginings have been the delight of man- 
kind ; there is subject for wonder in them : but is there 
anything less wonderful in the well-authenticated fact, 
the dew-drop which glistens on the flower, that the tear 
which trembles on the eye-lid, holds locked in its trans- 
parent cells an amount of electric fire equal to that 
which is discharged diuing a storm from a thunder- 
cloud ? 

In these studies of the effects which are continually 
presenting themselves to the observing eye, and of the 
phenomena of causes, as far as they are revealed by 
Science in its search of the physical earth, it will be 
shown that beneath the beautifiil vesture of the external • 
world there exists, like its quickening soul, a pervading 
power, assuming the most varied aspects, giving to the 
whole its life and loveliness, and linking every portion 
of this material mass in a common bond with some great 
universal principle beyond our knowledge. Whether by 
the improvement of the powers of the human mind, 
man will ever be enabled to embrace within his know- 
ledge the laws which regulate these remote principles, 
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we are not suflSciently advanced in intelligence to de- 
termine. But if admitted even to a clear perception 
of the theoretical Power which we regard as regulating 
the known forces, we must still see an imknown agency 
beyond us, which can only be referred to the Creator's 
will. 
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POETET OF SCIENCE 



CHAPTER I. 

OENERAL CONDITIONS OP MATTER. 

Its varied Chai'acters, and constant change of external Form— 
The Grain of Dust, its Properties and Powers — Com* 
binations in inoi^ganio Masses and in organized Grea* 
tions— Our knowledge of Matter — Theory of Ultimate 
Atoms — The Physfcal Forces acting on the Composition of 
Masses — The certainty of the exercise of subtile principles, 
which are beyond the reach of experimental Science. 

The Physical Earth presents to us, in every form of 
organic and inorganic matter, an infinite variety of 
phenomena. If we select specimens of rocks, either 
crystalline or stratified, — of metals in any of their 
various combioations with oxygen, sulphur, and other 
bodies, — of gems glistening with light and glowing with 
colour, — ^if we examine the varied forms and hues of the 
vegetable world, or the more mysterious animal crea- 
tions, we must inevitably come to the conclusion, long 
since proclaimed, and admit that dust they are, and to 
dust must they return. Whatever permanency may be 
given to matter, it is certain that its form is ever in a 
state of change. The surface of the ^^ Eternal Hills '' 
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is worn away by the soft rains which fall to fertilize, 
and from their wrecks, borne by the waters to the 
ocean, new continents are forming. The mutations of 
the old earth may be read upon her rocks and mountains, 
and these recorcb of former changes teU us the infallible 
truth, that as the present passes into the future, so will 
the form of Earth imdergo an important alteration. 
The same forces which lifted the Andes and the Hima- 
layas are still at work, and from the particles of matter 
carried from the present lands by the rivers into the sea, 
where they subside in stratified masses, there will, in 
the great fixture, be raised new worlds, upon which the 
work of life will go forward, and over which will be 
spread a vast InteUigence. 

If we regard the conditions of the beautiful and varied 
organic covering of the Earth, the certainty, the con- 
stancy, of change is ever before us. Vegetable life 
passes into the animal form, and both perish to feed the 
fiiture plant. Man, moving to-day the monarch of a 
mighty people, in a few years passes back to his primi- 
tive dod, and that combination of elementary atoms, 
which is dignified with the circle of sovereignty and the 
robe of purple, after a period may be sought for in the 
herbage of the fields, or in the humble flowers of the 
valley. 

We have, then, this certain truth, — all things visible 
around us are but aggregations of atoms. From parti- 
cles of dust, which under the microscope could scarcely 
be distinguished one from the other, are all the varied 
forms of nature created. This grain of dust, this particle 
of sand, has strange properties and powers. Science has 
discovered some trutiis, but still more are hidden within 
this irregular molecule of matter which we now survej, 
than have yet been shadowed in the dreams of our 
philosophy. How strangely it obeys the impulses of 
heat — ^mysterious are the influences of light upon it — 
electricity wonderfiilly excites it — and still more curious 
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is the manner in which it obeys the magic of chemical 
force. These are phenomena which we have seen j wc 
know them^ and we can reproduce them at our pleasure. 
We have advanced a little way into the secrets of nature^ 
and from the spot we have gained, we look forward 
with a vision somewhat brightened hj our task; but we 
discover so much to be jet trnknown, that we learn 
another truth, — our vast ignorance of many things 
relating to this grain of dust. 

It gathers around it other particles; they ding 
together, and each acting upon every other one, and afi 
of them arranging themselves around the little centre 
according to some law, a beautiful crystal results, the 
geometric perfection of its form being a source of admi- 
ration. 

It exerts some other powers, and atom cohering to 
atom, obeying the influences of many external ra£ant 
forces, undei^oes inexplicable changes, and the same 
dust whidh we find farming the diamond, aggregates 
into the lordly tree, — ^Uendi to produce ^e graoefol, 
scented, and richly painted flower, — and combines ta 
jield the luxury of fruit. 

It quickens with yet undiscovered energies ; it moves 
with life : dust is stirred by the mysterious excitement 
of vital force; and blood and bone, nerve and mwde, 
are the results. Forces, which we cannot by the utmost 
refinements of our philosophy detect, direct the whole, 
and from the same dust which formed the rock and 
.^rew in the tree, is produced a living and a breathing 
thing, capable of receiving a Divine illumination, of 
beanng in its new state the gladness and the ^ory of a 
Soul. 

These considerations lead ns to reflect on the amount 
of oar knowledge. We are led to ask ourselves, what 
do we know? We know that the world with all its 
variety is composed of certain material atoms, which, 
^although pres^ited to ns in a great variety of forms, do 
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not in all probability differ very essentially from eacb 
other. 

We know that those atoms obey certain conditions 
which appear to be dependent upon the influences of 
motion^ gravitation, heat, light, electricity, and chemical 
force. These powers are only known to us by their 
effects ; we only detect their action by their operations 
upon matter; and although we regard the several 
phenomena which we have discovered, as the manifesta- 
tions of different principles, it is possible they may be 
but modifications of some one universal power, of which 
these are but a few of its modes of action. 

In examining, therefore, the truths which science has 
revealed to us, it is advantageous, for the purpose of 
fixing the mind to the subject, that we assume certain 
conditions as true. These may be stated in a few sen- 
tences, and then, without wasting a thought upon those 
metaphysical subtleties which hav^ from time to time 
perplexed science, and served to impede the progress of 
truth, we shall proceed to examine our knowledge of 
the phenomena which constantly occur around us. 

Every form, whether inorganic of organic, which we 
can discover within the limits of human search, is com- 
posed of atoms, which are capable of assuming, under 
the influence of certain physical forces, conditions essen- 
tial to the physical state of that body of which they 
constitute a part.* The known forces, active in pro- 

* Sir Isaac Newton supposed matter to consist of hard, 
impenetrable, perfectly inelastic atODis. 

ioscovitcb regarded the constitution of matter differently. The 
ultimate atom was with him a point surrounded by powers of infi- 
nite elasticity. (See Dr. Robison's Mechanical Philosophy, for a 
full explanation of the theory of Boscovitch.) 

The view entertained ]>y JDr. Faraday, which will be compre- 
hended from one or two short extracts from his valuable and 
suggestive paper, claims attention : — 

**If the view of the constitution of matter already referred to be 
assumed to be con-ect — and I may be allowed to speak of the 
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ducing these conditions^ are modes of motion ; gravita^ 
tiou and aggregation^ heat^ light; and associated with 
these, actinism or chemical radiation ; electricity, under 
all its conditions, whether static or dynamic; and 
chemical affinity, regarded as the result of a separate 
elementary principle. 

These forces must be considered as powers capable of 
acting in perfect independence of each other. They are 
possibly modifications of one principle ; but this view 
being an hypothesis, which, as yet, is only supported by 
loose analogies, cannot, without danger, be received la 
any explanation which attempts to deal only with the 
truths of science. 

We cannot examine the varied phenomena of nature^ 
without feeling that there must be other and most active 
principles of a higher order than any detected by science, 

particles of matter, and the space between them (in water, or in 
the vapour of water, for instance), as two different tilings — ^the 
«pace must be taken as the only continuous part, for the particles 
are considered as separated by space from each other. Space will 
permeate all masses of matter in every direction like a net, except 
that in the place of meshes it will form cells, isolating each atom 
from its neighbours, and itself only being continuous." 

Examining the question of the conducting power of different 
bodies, and observing that as space is the only continuous part, 
-so space, according to the received view of matter, must be at one 
time a conductor, at others a non-conductor, it is remarked : 

"It would seem, therefore, that, in accepting the ordinary 
atomic theorv, space may be proved to be a non-conductor in non- 
-conducting bodies, and a conductor in conducting bodies ; but 
the reasoning ends in this — a subversion of that theory altogether ; 
for, if space Be an insulator, it cannot exist in conducting bodies ; 
and if it be a conductor, it cannot exist in insulating bodies.*' — 
A Speculation touching EUctrUs Conduction, and the Nature of 
J^atter : by Michael Faraday, D.C.L., F.B..S., Ac. : Philosophical 
Magazine, vol. xxiv. Third Series. 

See also WoUaston, On the Finite Extent of the Atmosphere.-^ 
IPhil. Trans. 1822. Young, On the Essential Properties of 
Matter. — Lectures on Natural Philosophy. Mossotti, On Molecular 
Action. — Scientific Memoirs, vol. i. .p. 44H, 
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to which belong the important operations of vitalify,. 
whether manifested in tibe plant or the animal. In 
treating of these^ although speculation cannot be entirely 
avoided^ it will be employed only so far as it gives any 
assistance in linking phenomena tc^ether. 

We have to deal with the active agencies which giye- 
form and feature to nature — which r^nlate the harmony 
and beanty and vigour of life — ^and upon which depend 
those grand changes in the conditions of matter^ which, 
must convince us that death is but the commencement: 
of a new state of being. 
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CHAPTER II. 

HOTIOK. 

Are the Physioal Forces modes of Motion?— Motion defined — 
Philosophical Views of Motion, and the Prineiples to which 
it has been referred — Motions of the Earth ana of the Solar 
System— Visible Proofs of the Earth's Motion on its Axis- 
Influence of the proper Motions of the Earth on the Condi 
tions of Matter — Theory of the Gonyersion of Motion into 
Heat, &c. — The Physical Forces regarded as principles inde- 
pendent of Motion, although the Cause and often apparentiy 
the Effects of it 

Many of the most eminent thinkers of the present time 
are disposed to regard all the active principles of nature 
as '^ modes of motion/' — ^to look upon light, heat, elec- 
tricity^ and even vital force^ as phenomena resulting from 
'^ change of place'' among the particles of matter; this 
change, disturbance, or motion, being dependent upon 
some undefined mover.^ 

The habit of leaving purely inductive examination for 
the delusive charms of hypothesis — of viewing the 

* '* Motion, therefore, is a change of reetilinear distance between 
two points. Allowing the luM^nraey of this definition, it appears 
that two points are necessary to constitute motion; that in all 
cases, when we are inquiring whether or no any body or point is 
in motion, we must recur to some other point which we can com- 
pare with it ; and that if a single atom existed alone in the universe, 
it could neither be said to be in motion nor at rest 

'* The space which we call quiescent is in general the earth's 
surface ; yet we well know, from astronomical considerations^ that 
every point of the earth's surface is perpetually in motion, and tiiat 
in very various directions : nor are any matenal objects accessible 
to our senses which we can consider as absolutely motionless, or 
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material world as a metaphysical bundle of essential 
properties, and nothing more — ^has led some eminent 
philosophers to struggle with the task of proving that 
all the wonderful manifestations of the great physical 
powers of the universe are but modifications of motion, 
without the evidence of any antecedent force,* 

The views of metaphyscians regarding motion involve 
many subtle considerations which need not at present 
detain us. We can only consider motion as a change of 
place in a given mass of matter. Now matter cannot 
effect this of itself, no change of place being possible 
without a mover ; and, consequently, motion cannot be 
Si property of matter, in the strict sense in which that 
term should be accepted.! 

even as motionless with regai-d to each other ; since the continual 
vaiiation of temperature to which all bodies are liable, and the 
minute agitations arising from the motion of other bodies with 
which they are connected, will always tend to produce some im- 
perceptible changes in their distances." — Lectures on Natural 
Philosophy^ ^-c, by Thomas Young, M.D. Edited bv the Rev. P. 
Kelland. 1845. 

* " The position wliich I seek to establish in this essay is, that 
the various imponderable agencies, or the affections of matter 
which constitute the main objects of experimental physics, viz., 
heat, light, electricity, magnetism, chemical affinity, and motion, 
are all correlative, or have a reciprocal dependence ;-*that neither, 
taken abstractedly, can be said to be the essential or poximate 
cause of the others ; but that either may, as a force, proauce, or be 
convertible into, the other : — thus heat may mediately or imme- 
diately produce electricity, electricity may produce heat, and so of 
the rest. . . . Although strongly inclined to believe that the 
five other affections of matter, which I have above named, are, and 
will ultimately be, resolved into modes of motion, it would be 
going too far at present to assume their identity with it : I, there- 
fore jse the term force, in reference to them, as meaning that 
active force inseparable from matter, which induces its various 
changes.*' — On the Correlatum of Physical Forces, byW.R. Grove, 
Esq., M.A., F.R.S. 

f When discussing the hypothesis of Hobbes— ^Aa^ no body can 
possibly be moved but by a body contiguous and moved — Boylo asks :— 
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Motion depends upon certain external disturbing and 
directing forces acting upon all matter; and, conse- 
quently, as every mode of action is determined by some 
excitement external to the body moved, motion cannot^ 
philosophically, be regarded otherwise than as a pecu- 
liar affection of matter under determinable conditions. 
*^ We find,-^ says Sir Isaac Newton, " but little motion 
in the world, except what plainly flows from either tlie 
active principles of nature, or from the command of the 
wiUer/'* 

" I demand how there comes to he local motion in the world ? 
For either all the portions of matter that compose the universe 
have motion helonging to their natures, which the Epicureans 
affirmed for their atoms, or some parts of matter have this motive 
power, and some have not, or else none of them have it ; hut all 
of them are naturally devoid of motion. If it he ^ranted that 
motion does naturally helong to all parts of matter, the dispute is 
at an end, tlie concession quite overthrowing the hypothesis. 

** If Mr. Hohhes should reply that the motion is impressed 
upon any of the parts of matter hy God, he will say that which 
I most readily grant to he true, hut will not serve his turn, if be 
would speak congruously with his own hypothesis. For I demand 
whether this Supreme Being that the assertion has recourse to, be 
a corporeal or an incorporeal substance? If it be the latter, and 
yet the efficient cause of motion in bodies, then it will not be uni- 
versally true that whatever body is moved is so by a body conti- 
guous and moved. For, in our supposition, the bodies that God 
moves, either immediately or by the intervention of any other 
immaterial being, are not moved by a body contiguous, but by an 
incorporeal spirit.** — Some Considerations about the ReconcileablC' 
ness of Reason and Religion : Boyle, vol. iii. p. 520. 

* Boyle has some ingenious speculations on this point : — 

" That there is local motion in many parts of matter is manifest 
to sense, but how matter came by this motion was of old, and is 
still, hotly disputed of: for the ancient Corpuscularian philoso- 
phers (whose doctrine in most other points, though not in all, we 
are the most inclinable to), not acknowledging an author of ^e 
universe, were thereby reduced to make motion congenite to 
matter, and consequently coeval with it. But since locfd motion, 
or an endeavour at it, is not included in the nature of matter, 
which is as much matter when it rests as when it moves ; and 
since we see that the same portion of matter may from motion be 
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Plato^ Aristotle^ and the Pythagoreans^ supposed that 
throiighout all nature an actiye principle was diffcuied^ 
upon which depended all the properties exhihited by 
matter. This is the same as the 'Aplastic nature'' of 
Cudworth;* the ^^intellectual and artificial fire'' of 
Sishop Berkeley ;t s^d to these all modes of motion 
were referred* Sir Isaac Newton also r^ards the 



reduced to re%t, and after it hath continued at rest, so long as o&er 
bodies do not put it out of that state, may by external agents be 
set a moving again ; I, who am not wont to think a man the worse 
naturalist for not being an atheist, shall not scniple to say with an 
eminent philosopher of old, whom I find to have proposea among 
the Greeks that opinion (for the main) that the excellent Des Cartes 
has reviTed amongst us, that the origin of motion in matter is 
from God ; and not only so, but that thinking it very imfit to be 
belieyed, that matter barely put into motion, and then left txy 
itself, should casuaUy constitute this beautiful and orderly world ;: 
I think also further, that the wise Author of things did, by estab- 
lishing the laws of motion among bodies, and by guiding the first 
motions of the small parts of matter, bring them to convene after- 
the manner requisite to compose the world ; and especially did 
contrive those ciirious and elaborate engines, the bodies of hving 
creatures, endowing most of them with the power of propagating 
their species." — Ctmsiderations and Experiments touching the Orignv 
ff Forms and QnaUties: Boyle's Works, voL ii. p. 450. Edin- 
buigh. 1744. 

* Cud\roTtiiS InteUet^ual System. 

f "According to the Pythagoreans and Platonists, there is a 
life infused throughout all things ... an intellectual and 
artificial fire— ran inward principle, animal spirit, or natural life,, 
producing or forming within, as art doth without — ^regulating, 
modei*ating, and reconcOing the various motions, qualities, and 
parts of the munduie system. By virtne of this hfe, the great 
masses are held together in their ordinary coturses, as well as the 
minutest partides governed in their natural motions, according to- 
the several laws of attraction, gravity, electricity, magnetism, and 
the rest. It is this gives instincts, teaches the spider her web, and 
the bee her honey ; — this it is that directs the roots of plants to 
draw forth juice from the earth, and the leaves and the cortioal 
vessels to separate and attract such particles of air and elemen- 
tary fire as suit their respective natures."— Bishop Berkeley, Shrisp, 
No. 277. 
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material uniyerse and its phenomena as dependent upon 
" active principles'^ — ^for instance^ the cause of gravity — 
whereby the planets and comets preserve their motions 
in their orbits^ and all bodies acquire a d^ree of motion 
in Mling ; and the cause of fomentation — ^whereby the 
heart and blood of animalH preserve a perpetual warmth 
and motion — the inner parts of the earth are kept con* 
stantly warmed — many bodies bum and shine — and the 
sun himself bums and shines^ and with his Hght warms 
and cheers all things/' 

The earth turns on its axis at the rate of more than 
l^OOO miles an hour, and passes around the sun with 
the speed of upwards of 68^000 miles in the same time> 
The earth and the other planets of our system move in 
ellipses around a common centre : therefore their motion 
cannot have been originally communicated merely by 
the impressed force of projection. Two forces, at least,, 
must have operated, (me mahing the planets tend 
diiecdy to the centre, and the other impelling thrai to 
fly off at a tangent to the curve described. Here we 
have a sjrstem of spheres, held by some power to a great 
central mass, around which they revolve with a fearful 
velocity. Nor is this all; the .S<dar System itself, 
bound by tiie same mystic chain to an undiscovered 
centre, moves towards a point in space at the rate of 
83,550,000 geographical mUes, whilst our earth per- 
forms one revolution around the san.t 

* *' The revolution of the earth is perfonned in a natural day, 
or, more strictly qpeakii^, onoe in S8h. 66' 4f\ and as its mean 
oinnuiiferenoe is 24,871 miles, it follows that any point in its equa- 
torial snrfiaoe has a rotatory motion of more than 1,0(H) miles T>er 
hour. This velocity must gradnaUy diminish to nothing at eitner 
p(^ Whilst the earth is tiius rerolTing on its axis, it nas a pro- 
gressiTe motion in its orhit. If we take the length of the eaith*s- 
orbit at 630,000,000, its motion through space must exceed 68,490 
miles in the hour." — ^Ene. Brit art Phftical Qtograpkif* 

t *'Here then we have the splendid result of the united studies- 
of MM. Aigelander, O. Struve, and Peters, grounded on obserra- 



12 THE MOTION OF THE EARTH. 

The evidence of the motion of the Earth around its 
axis, as afforded by the swinging of a pendulum or the 
rotation of a sphere, is too interesting to be omitted. 
In mechanical philosophy, we have two terms of the 
same general meaning — ^the conservation of the plane of 
vibration — and the conservation of the axis of rotation. 
For the non-scientific reader, these terms require 
explanation, and in endeavouring to simplify this as 
much as possible, we must ask the indulgence of the 
Mechanical Philosopher. Let us fix in the centre of a 
small round table an upright rod, having an arm ex- 
tending from its top, to which we can suspend a tolerably 
heavy weight attached to a string. This is our piece of 
apparatus: upon the table draw a chalk line, along 
which line we intend our pendulum to swing, and con- 
tinuing this line upon the floor, or by a mark on the 
wall, our arrangements are complete. Raise steadily 
the bob of our penduliun, and set it free, so that its 
plane of vibration is along the line which has been 
marked. As the pendulum is swinging firmly along 
this line, slowly and steadily turn the table round. It 

tions made at the three observatories of Dorpat, Abo, Pulkova, 
and which is expressed in the following thesis : — ^The motion of 
the solar system in space is directed to a point of the celestial 
vault situated on the right line which joins tne two stars tt and ft 
HercuUst at a quarter of the apparent distance of these stars, 
reckoning from tt Herculis. The velocity of chis motion is such, 
that the sun, with all the bodies which depend upon it, advances 
annually in the above direction 1*623 times the radius of the 
earth's orbit, or 33,550,000 geographical miles. The possible 
error of this last number amounts to 1,733,000 geographical miles, 
or to a seventh of the whole value. We may then wager 400,000 
to 1 that the sun has a proper progressive motion, and 1 to 1 that 
it is comprised between the limits of thirty-eight and twenty-nine 
millions of geographical miles." — Etudes d Astronomic Stellavre : 
8ur la Vote Lactee et sur les Distances des Etoiles Fixes : M. F. 
W, G. Struve. [A report addressed to his Excellency M. Le 
€omte Ouvaroff, Minister of Public Instruction and President of 
the Imperial Academy of Sciences at St. Petersburg.] 
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inll then be seen tliat the pendulum will still vibrate in the 
direction of the line we have continued onward to the wall, 
but that the line on the table is gradually withdrawn 
£pom it. If we had no upright, we might turn the table 
entirely round, without in the slightest degree altering 
the line along which the pendulum performs its oscilla- 
tions. Now, if from some elevated spot, say, from the 
centre of the dome of St. Paulas, a long and heavy pen- 
dulum is suspended, and if on the floor we mark the line 
along, which we set the pendulum free to vibrate, it will 
be seen, as in the experiment with the table, that the 
marked line moves away from under the pendulum. It 
continues to vibrate in the plane it first described, 
although the line on the earth^s surface continues to 
move forward by the diurnal rotation around the axis. 
Similar to this is the law of the conservation of the axis 
of rotation. If a common humming-top, the spindle of 
which is its axis of rotation, is set spinning obhquely, it 
^ will be seen that the axis will continue to point along 
the line it took at the commencement of motion. 
By placing a heavy sphere in a lathe, resting its project* 
ing axial points on some moveable bearings, and then 
getting the sphere into extremely rapid motion, one of the 
bearings may be removed without the mass falling to 
the ground. The rapidity of motion changes so con- 
stantly and quickly the position of the particles which 
have a tendency to fell, that we have motion balanced 
against the force of gravitation in a striking manner ; 
and we learn, from this experiment, the explanation 
of the planetaiy and stellar masses revolving on their 
axis at a speed sufficient to maintain them without sup- 
port in space, A mass of matter, a sphere or a disc, 
carefully balanced, is fixed in gymbals such as we employ 
for fixing our compass needles, and it is set by some 
mechanical contrivance in rapid rotation. The position 
of the axis of rotation remains unaltered, although the 
earth is moving; and thus, by this instrument, — called the 
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gyroscope^ — ^we can determine^ as with tiie pendulum^ thb 
motion of the earth around its axis ; and we learn why^ 
during its movement around the sun^ its axis is nnde* 
viatingly pointed towards one point in space, marked in 
our Heavens as the Polar Star. 

In addition to these great rotations^ the earth is sub- 
jected to other motions, as the precession of the equi-> 
noxes and the nutation of its axis. Booking regularly 
upon a point round which it rapidly revolves, whilst it 
progresses onward in its orbit, like some huge top in 
tremulous gyration upon the deck of a vast aerial ship 
gliding rapidly through space, is the earth parforming 
its part in the great law of motion. 

The rapidity of these impulses, supposing the powers 
of the physiod forces were for a moment suspended^ 
would be sufficient to scatter the mass of our planet 
over space as a mere star-dust. 

Limiting, as lamik as possible, the view whidi opens 
upon the mind as we contemplate the adjustments by., 
which this great madiine, our system, is preserved in all 
its order and beauty, let ua foi^et the great movement 
of the whole through space, and endeavour to consider 
the effect of those motions which are directly rdated to 
the earth, as a member of one small group of worlds. 

We cannot for a moment doubt, although we have not 
any experim^ital proof of the hct^ that the prcfper 
motions of the earth materially influence the ccmditioiis 
of the matter of which it. is formed. Every pair rf 
atoms is, like a balance, delicately suspended, under 
the constant struggle which arises from the tendency to 
fly asunder, induced by <Hie oxier of forces — centrifugal 
fcNTce — and the efforts of others, gravitation and cohe- 
sion, to chain them together. The spring is Inrongfat to 
the highest state of tension — one irranor more, and it 
would oe destroyed. 

' We cannot, by any comparison with the labours of 
the most skilM human artisan, convey an idea of the 
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exquisite perfection of planetary mechanics^ even so far 
as they have been discovered by the labours of science ; 
and we mnst admit that onr insist into the vast 
machinery has been very limited. 

All we know is the fact that this planet moves in a 
certain order^ and at a fixed rate^ and that the speed is 
of itself sufficient to rend the hardest rocks ; yet the 
dehcate down which rests so lightly upon the flower is 
undisturbed. It is, therefore, evident that matter is 
endued with powers, by which mass is bound to mass, 
and atom to atom ; these powers are not the results of 
any of the motions which we have examined, but^ 
acting in antagonism to them, they sustain our globe in 
its present form. 

Are there other motions to which these powers can be 
referred ? We know of none. That absolute rest may 
not exist among the particles of matter is probable. 
Electrical action, chemical power, crystalline aggrega- 
tion, the expansive force of heat, and many other known 
^igencies, are in constant operation to prevent it. It 
must, however, be remembered, that each and every 
atom constituting a mass may be so suspended between 
the balanced forces, that it may be r^arded as relatively 
at rest. 

Theory imagines Motion as producing Force — a body 
is moved, and. its mere mechanical change of place is 
regarded as generating heat ; and hence the refinements 
of modem science have advanced to the ccmclusion t^at 
motion and heat are convertible. Admitting that the 
material atoms of which this world is formed are never 
in a state of quiescence, yet w« cannot suppose any gross 
ponderable particle as capable of moving itself; but 
once set in motion, it may become the secondary cause 
of motion in other particles.* The difficulties of the 

^ " The first great agent whicb the analysis of natural pheno- 
mena ofibrs to our consideration, more frequently and prominently 
than any other, is force. Its effects are either, Ist, to counteract 
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case would appear to have been as follows : — ^Are lieat> 
lights electricity, &c., material bodies? If they are 
material bodies — ^and heat, for example, is the cause of 
motion — must not the calorific matter move itself — or if 
it be not self-moving, by what is it moved ? If heat is 
material, and the primary cause of motion, then matter 
must have an innate power of moving ; it can convert 
itself into active force, or be at once a cause and an 
effect, which can scarcely be regarded as a logical 
deduction. 

We move a particle of matter, and heat is manifested ; 
the force being continued, light, electricity, and chemi- 
cal action result ; all, as appears from a limited view of 

the eiLertion of opposing force, and thereby to maintain equilibrium ; 
or, 2ndly, to produce mo^ton in matter, 

*' Matter, or that whatever it be of which all the objects in nature 
which manifest themselves directly to our senses consist, presents 
us with two general qualities, which at first sight appear to 
stand in contradiction to each other — activity and inertness. 
Its activity is proved by its power of spontaneously setting other 
matter in motion, and of itself obeving their mutual impulse, 
and moving under the influence of its own and other force ; 
inertness, in refusing to move unless obliged to do so by a force 
impressed externally, or mutually exerted between itself and 
other matter, and by persisting in its state of motion or rest 
imless disturbed by some external cause. Yet, in reality, this 
contradiction is only apparent. Force being the cause, and 
motion the effect produced by it on matter, to say that matter is 
inert, or has inertiOf as it is termed, is only to say that the cause 
is expended in producing its effect, ana that the same cause 
cannot (without renewal) produce double or triple its own proper 
effect. In this point of view, equilibrium may be conceived as a 
continual production of two opposite effects, each undoing at 
every instant what the other has done,"?— See continuation of 
the argument in Hersckets Discourse on the Study of Natural 
Philosophy, page 223. 

In the Eto^burgh New Philosophical Journal, vol. xlv., will be 
found a paper by Dr Eobert Brown — " Of the sources of motions 
upon the Earth, and of the means by which they are sustained,^ 
which will well repay an attentive perusal, as pointing to a class 
of investigation of the highest order, and containing deductions of 
the most philosophic description. 
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the phenomena^ arising out of the mechanical force 
applied to the particle first moTcd.* This mechanical 
force, it must be remembered, is external to the body 
moved, and is, in all probability, set up by the move- 
ment of a muscle, acted upon by nerves, under the 
influence of a will. 

The series of phenomena we have supposed to arise 
admit of an explanation free of the hypothesis of motion^ 
and we avoid the dangerous ground of metaphysical 
speculation, and the subtleties of that logic which rests 
upon the immateriality of all creation. This explanation, it 
is freely admitted, is incomplete : we cannot distincthr 
correlate each feature of the phenomena, combine lint 
to link, and thus form a perfect chain ; but it is suffi- 
ciently clear to exhibit what we do know, and leave the 
unknown free for unbiassed investigation. 

Each particle, each atom of that which conveys to our 
senses the only ideas we have of natural objects — ^pon- 
derable matter — ^is involved in, or interpenetrated by, 
those principles which we call heat and electricily, witii 
probably many others which are unknown to us; and 
although these principles or powers are, according to 
some kw, bound in statical equilibrium to inert matter, 
they are freely developed by an external excitement, and 
the disturbance of any one of them, upsetting the equili- 
brium, leaves ^e other power equally free to be brought 
under the cognizance of human sense by their effects. 

When we come to an examination of the influences 
exerted by these powers upon the physical earth, the 
position, that they must be regarded as the causes of 
motion rather than the effects of it, will be further con- 
sidered. At present it is only necessary to state thus 

* Friction, it is well known, generates heat; by rapidly rubbing 
two sticks together, the Indian produces their ignition ; heat and 
light being both manifested. Under every machanical disturb- 
ance electrical changes can be detected, and the action of heat in 
the combustion of the wood is a chemical phenomenon. 

c 
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generally the views we entertain of the conditions of 
matter in connection with the imponderable forces and 
mechanical powers. The conversion^ as it has been 
called^ of motion into heat^ in the experiments of Count 
Bumford and Mr. Joule,* are only evidences that a 

* CouDt Kumford's experiment consisted in plaoing a mass of 
metal in a box of water at a known temperature, and, by employ- 
ing a boring apparatus, ascertaining carefully the increase of 
heat after a given number of revolutions. He thus describes his 
most satisfactory experiment : — 

"Everytibing beinff ready, I proceeded to make the experi- 
ment I had projected, in the following manner. The hollow 
cylinder having been previonslv cleaned out, and the inside of 
its bore wiped with a clean towel till it was quite dry, the square 
iron bar, with the blunt steel borer fixed to tlie end of it, was 
put into its place ; the mouth of the bore of the cylinder being 
closed at the same time by means of the circular piston through 
the centre of which the iron bar passed. 

** This being done, the box was put in its place ; and the join- 
ings of the iron rod, and of the neck of the cylinder with the 
two ends of the box, having been made water-tight, by means of 
collars of oiled leather, the box was filled with cold water (viz., at 
the temperature of 60^) and the machine was put in motion. The 
result of this beautiful experiment was very striking, and the 
pleasure it afforded me amply repaid me for all the trouble I had 
had, in contriving and arranging the complicated machinery used 
in making it The cylinder, revolving at the rate of about thirty- 
two times in a minute, had been in motion but a short time, when 
I perceived, by putting my hand into the water and touching the 
outside of the cylinder, that heat was generated, and it was not 
long before the water which surroimded the cvliader began to be 
sensibly warm. At the end of one hour, I found, by plunging 
a thermometer into the water in the box (the quanti^ of which 
fluid amounted to 18*77 lbs. avoirdupois, or 2^ wine gallons), 
that its temperature had been raised no less than 47^; being 
now 107o of Fahrenheit's scale. When thirty minutes more 
had elapsed, or one hour and thirty minutes after the machinery 
had been put in motion, the heat of the water in the box was 
142°. At the end of two hours, reckoning from the beginning 
of the experiment, the temperature of the water was found to be 
raised to 1 78°. At two hours twenty minutes it was at 200° ; 
and at two hours thirty minutes it actually boiled." — Inquiry 
eonceming the Smirce of the Heat excited by Friction : Philosophi- 
cal Transactions, vol. Ixxxviii. a.d. 1798. 



PROPERTIES AND POWERS. 19 

oertain uniformity exists between the mechanical force 
applied, and the amount of heat liberated. It does not 
appear that we have any proof of the conversion of 
motion into physical power. 

It is necessary, to a satisfactory contemplation of the 
wonderful properties of matter, and of the forces regu- 
lating the forms of the entire creation, that we should 
be content with regarding the elementary bodies which 
chemistry instructs us form our globe, as tangible, pon- 
derable atoms, having specific and distinguishing pro- 
perties. That we should, as far as it is possible for 

** Mr. Joule broup^bt a communication on the same subject before 
the British Association at Cambridge, which was afterwards 
published in the Philosophical Magazine, and from that journal 
the following notices are extracted :— 

" The apparatus exhibited before the Association consisted of 
a brass paddle-wheel, working horizontally in a can of water. 
Motion could be communicated to this paddle by means of 
weights, pulleys, &c. The paddle moved with great resistance 
in the can of water, so that the weights (each of foiur pounds) 
descended at the slow rate of about one foot per second. The 
height of the pulleys from the ground was twelve yards, and 
consequently when the weights had descended througn that dis- 
tance the^ had to be wound up again in order to renew the 
motion of the paddle. After this operation had been repeated 
sixteen times, the increase of the temperature of the water was 
ascertained by means of a very sensible and accurate thermometer. 

" A series of nine experiments was performed in the above 
manner, and nine experiments were made in order to eliminate 
the cooling or heating effects of the atmosphere. After reducing 
the result to the capacity for heat of a pound of water, it ap- 
peared that for each degree of heat evolved by the Mction of 
water, a mechanical power equal to that which can raise a weight 
of 890 lbs. to the height of one foot, had been expended. 

" Any of your readers who are so fortunate as to reside amid 
the romantic scenery of Wales or Scotland could, I doubt not, 
confirm my experiments by trying the temperature of the water 
at the top and at the bottom of a cascade. If my views be cor- 
rect, a fall of 817 feet will of course generate one degi-ee of heat, 
and the temperature of the river Niagara will be raised about 
one fifth of a degree by its fall of 160 feet."— Re/a/ton between 
Heat and Mechanical Power: Philosoph. Mag voL xxvii. 1845, 
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finite minds to do so^ endeayour to concdve tlie powers^ 
or forces — gravitation^ molecular attraction^ electricity^ 
heat^ lights and the principle which determmes all 
chemical phenomena — ^as manifestations of agencies 
which hold a place between the most subtile form of 
matter and the hidden principles of vitality^ which is still 
vastly inferior to the spiritual state^ which reveals itself 
dimly in psychological phenomena^ and arrives at its* 
sublimity in the God of the universe. 
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CHAPTER m. 

OBAYITATION. 

The Fonns of Matteiv— Shape of the Earth— Probability of fhe 
Mass forming this Planet having existed in a Nebulous State 
— Zodiacal Lights— Comets— Volatilization of Solid Matter 
by Artificial means — ^The principle of Gravitation— Its Influ- 
ence through Space and within the smallest Limits — Qravi- 
tating powers of the Planets— Density of the Earth — Cer- 
tainty of Newton's Law of the Inverse Square— Discovery of 
Neptune— State of a Body relieved from Gravitation— Expe- 
riment explaining Saturn's Ring, &o. — General inference. 

Xet us suppose the earth — consisting of three conditions 
of matter ; the solid^ the fluids and the aeriform — ^to be 
set free from that power by which it is retained in its 
present form of a spheroid flattened at the poles^ but 
still subject to the influences of its diurnal, and annual 
rotations. Agreeably to the law which r^ulates the 
conditions of all bodies moving at high velocities^ the 
consequence of such a state of things would be^ that our 
planet would instantly spread itad£ orer an enormous 
area. The waters and even the solid masses of this 
globe would^ in all probability^ present themselves amidst 
the other phenomena of space in a highly attenuated 
state^ revolving in an orbit around the sun^ as a band of 
nebulous matter^ which might sometimes be rendered 
sensible to sight by still reflecting solar light^ or by 
-condensation in the form of flights of shooting stars.* 

^ Three hypotheses may be used to account for this most curious 
phenomenon. 

1st. The body shines by its own light, and then explodes like a 
-sky-rocket, breaking into minute fragments too small to be any 
Jonger visible to the naked eye. 

.2nd. Such a body, having shone by its own light, suddenly 
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This may be illustrated by experiment. If upon a 
rapidly revolving disc we place a ball of dust, it will be 
almost immediately spread out, and its particles will 
arrange themselves in a series of regular curves, varying^ 

ceases to be luminous. " The falling stars and other fiery meteoi-s 
which are frequently seen at a considerable height in the atmos 
phere, and which have received different names according to the 
varietj of their figiure and size, arise from the fermentation of the 
effluvia of acid and alkaline bodies which float in the atmosphere. 
When the more subtile parts of the effluvia are burned away, the 
viscous and earthy parts become too heavy for the air to support, 
and by their gravity fall to the earth.** — Keith's Use of the Globes, 
According to Sir Humphiy Davy, in the Philosophical Transac- 
tions for 1847, " the luminous appearances of shooting stars and 
meteors cannot be owing to any mflammation of elastic fluids, but 
must depend upon the ignition* of solid bodies.*' 

3. The body shines by the reflected light of the sun, and ceases 
to be visible by its passing into the earth's shadow, or, in other 
words, is eclipsed. Upon the two former suppositions the fact of 
the star's disappearance conveys to us no knowledge of its position, 
or of its distance from the earth ; and all that can be said is, that 
if it be a satellite of the earth, the great rapidity of its motion in- 
volves the necessity of its being at no great distance &om the earth's 
surface — ^much nearer than the moon; while the resistance it 
would encounter in traversing the air would be so great that it is 
probably without the limits of our atmosphere. Sir J. FF. LtUt- 
bock leans to the third hypothesis. — Sir J. AV. Lubbock, On Shoot- 
ing Stars : Phil. Mag. No. 213, p. 81. 

Sir J. Lubbock also published a supplementary paper on the 
same subject, in No. 214, p. 170. 

Mr. J. P. Joule entertains an hypothesis with respect to Shooting 
Stars similar to that advocated by Chladni to account for meteoric 
stones, and he reckons the ignition of these miniature planetaiy 
bodies by their violent collision with our atmosphere, to be a re- 
markable illustration of the doctrine of the equivalency of heat to 
mechanical power, or vis viva. 

If we suppose a meteoric stone of the size of a six-inch cube to 
enter our atmosphere at the rate of eighteen miles per second of 
time, the atmosphere being -^ of its density at the earth's surface, 
the resistance oflered to the motion of the stone will in this case 
be at least 51 ,600 lbs. ; and if the stone traverse twenty miles with 
this amount of resistance, sufficient heat will thereby be developed 
to give r Fahrenheit to 6,967,980 lbs. of water. Of course by far 
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with the velocity of the motion. In addition to the dis- 
integration which would arise jfrom the tendency of the 
atoms to fly from the centre, the motion, in space, of 
the planetary mass wo^dd naturally occasion a trailing 
out, and the only degree of uniformity which this orb 
could, under these imaginary conditions, possibly pre- 
sent, would be derived from the combined effects of 
motions in different directions. 

Amid the remoter stars, some remarkable doud-like 
appearaaces are discovered. These nebulse, presenting 
to the eye of the observer only a gleaming light, as from 
some phosphorescent vapour, were long r^arded as 
indications of such a condition as that which we have 
just been considering. Astronomers saw, in those mys- 
terious nebulae, a confirmation : of their views, which 
regarded all the orbs of the firmament as having once 
been thin sheets of vapour, which had gradually, from 
irregular bodies traversing space, been slowly condeivsed 
about a centre, and brought within the limits of aggre- 
gating agencies, untH, after the lapse of ages, they 
become sphered stars, moving in harmony amid the 
bright host of heaven.* Geologists seized on those 

the largest portion of this heat will be given to the displaced air, 
every particle of which will sustain the shock, whilst only the sur- 
face of the stone will he in violent collision with the atmosphere. 
Hence the stone may be considered as placed in a blast of intensely 
heated air, the heat being communicated from the surface to liie 
centre by conduction. Only a small portion of the heat evolved 
will therefore be received by the stone; but if we estimate it at 
only yj^ it will still be equal to V Fahrenheit per 69,679 lbs. of 
water, a quantity q^uite eaual to the melting and dissipation of any 
matenals of which it may oe composed. — Mr. J. P. Joule, On Shoot- 
ing Stars : Phil. Mag. No. 216, p. 348. 

* '* Laplace conjectures that m the original condition of the solar 
system, me sun revolved upon his axis, surrounded by an atmos- 
phere which, in virtue of an excessive heat, extended far beyond 
the orbits of all the planets, the planets as yet having no existence. 
The heat gradually diminished, and as the solar atmosphere con- 
tracted by cooling, the rapidity of its rotation increased by the laws 
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views with eagerness^ as confirming theoretical conchi- 
sions deduced from, an examination of the structure of 
the earth itself, and explained by them the gradual 
accretion of atoms into crystalline rocks from a cooling 
mass. 

of rotatory motion ; and an exterior zone of vapour was detached 
from the rest, the central attraction being no longer able to over- 
come the increased centrifugal force. This zone of vapour might 
in some cases retain its form, as we see it in Saturn^ ring; but 
more usually the ring of vapour would break into several masses, 
and these would generallvcoalesce into one mass, which would re- 
volve about the sun." — Whewell*s Bridgewater lireatiie. 

The following passage is translated by the same author fraai 
Laplace :— 

'* The anterior state (a state of cloudy brightness) was itself pre- 
ceded by other states, in which the nebulous matter was more and 
more diuuse, the nucleus being less and less luminous. We arrive 
in this manner at a nebulositiy so diffuse, that its existence could 
scarce be su^ected. Such is in fact the first state of the nebula 
which Herscnel carefully observed by means of his telescope." 

Sir William Herschel has the following observations on these 
remarkable masses: — 
^ ** The nature of planetary nebulsD, which has hitherto been in- 
volved in much darkness, may now be explained with some degree 
of satisfaction, since the uniform and very considerable brightness 
of their apparent disc accords remarkably well with a much con- 
densed, luminous fluid; whereas, to suppose them to consist of 
clustering stars will not so completely accoimt for the miUdness or 
soft tint of their light, to produce which it would be required Hiat 
the condensation of the stars should be carried to an almost incon- 
ceivable degree of accumulation. 

" How ffu: the light that is perpetually emitted from millions of 
suns may be concerned in this shining fluid, it might be presump- 
tuous to attempt to determine; but notwithstanding the inoon- 
ceivable subtilty of the particles of light, when the number of the 
emitting bodies is almost infinitely great, and the time of the con- 
tinual emission indefinitely long, the quantity of emitted particles 
may well become adequate to the constitution of a shining fluid or 
luminous matter, provided a cause can be found that may retain 
them from Jfytti^ off, or reumte them.** — Observations on Ndmhi» 
Stars: Phuosophical Transactions, vol. Ixxxi. a.d. 1791. 

In addition, the following Memoirs on the same subject, by Sir 
William Herschel, have been published in the Philosophical Trans- 
actions:— Ca/o^o^ qf 1000 NebuUe and Clusters of Stars, toL 
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The researches of modem astronomers^ aided by the 
magnificent instruments of Lord Bosse,* have, however, 
:shown that many of the most remarkable nebulae are 
only clusters of stars ; so remote firom us, that the light 
£rom them appears blended into one diffiised sheet or 
luminous film. There are, however, the Magellanic 
clouds, and other singular patches of light, exhibiting 
changes which can cmly be explained on the theory of 
their slow condensation. There is no evidence to dis- 
prove the position that world-formation may still be 
going on; that a slow and gradual aggregation of par- 
ticles, under the influence of laws with which we are 
acquainted, may be constantly in progress, to end, even- 
tually, in the formation of a sphere. 

May we not regard the zodiacal light as the remains 
of a solar luminiferous atmosphere, which once embraced 
the entire system of which it is the centre ?t Will not 

IxxtI. ; Catalogue tf another lOOQ, with remarks on the Heavens^ yoU 
Ixxix.; Catalogue (f 500 moref with remarke a$ above, vol. xcii. ; 
(y eueh as hioe a eometary tqffpearanee, vol. d. ; Of pUmetarg 
n^nUa, ibid. ; Cf stellar n^Mdm, ibid. ; On the sidereal part qf 
the heavens, and its connection with the nebulous, vol. civ. ; On the 
relative distances i^ dusters of nebulous stars^ vol. cviii. 

* Lord Ro8se*s beautlM telescopes have been formed upon 
principles which appear to embrace the best possible conditions 
for obtaining a reflecting surface which should reflect the greatest 
quantity of light, and retain that property little diminished for a 
length of time. The alloy used for this purpose consists of tin and 
copper in atomic proportions, namely, one atom of tin to four atoms 
of copper, or by weight 58*9 to 126-4. — On the Construction of 
large Refleettng Tftesctmet : by Lord Bosse. Report of the Four- 
teenth Meeting of the British Association, 1844, p. 79. 

f The best description of the Zodiacal light occurs in a letter 
fumiriied by Sir John Herschel to the Times newspaper in March, 
1843 :— ''The zodiacal light, as its name imports, mvariably ap- 
pears in the zodiac, or, to speak more precisely, in the plane of the 
sun's equator, which is 7* inclined to .the zodiac, and which plane, 
seen firom the sun, intersects the ecliptic in longitude 78** and 258**, 
or so mu<^ in advance of the equinoctial points : in consequence 
it is seen to the best advantage at, or a little after, the equinoxes ; 
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the strange changes which have been seen to take place 
in cometary bodies, even whilst they were passing near 
the earth, — as the division of BieWs comet and the 
ultimate formation of a second nucleus from the de- 
tached portion, — strongly tend to support the probabi- 
lity of the idea that attenuated matter has, in the pro- 
gress of time, been condensed into solid masses, and 
that nebulous clouds must still exist in every state of 
tenuity in the regions of infinite space,* which, in the 

after sunset, at the spring, and before sunrise, at the autumnal 
equinox ; not only because the direction of its apparent axis lies 
at those times more nearly perpendicular to the horizon, but also 
because at those epochs we are approaching the situation when it 
is seen most completely in section. 

" At the vernal equinox the appearance of the zodiacal light is 
that of a pretty broad pyramidal, or rather lenticular, body of light, 
which beffins to be visible as soon as the twilight decays. It is 
very bright at its lower or broader part near the horizon, and, if 
there be broken clouds about, often appears like the glow of a dis- 
tant conflagration, or of the rising moon, only less red, giving rise, 
in short, to amorphous masses of light such as have been noticed 
by one of your correspondents as possibly appertaining to the comet. 
At higher altitudes, its light fades gradually, and is seldom trace- 
able much beyond the Pleiades, which it usually, however, attains 
and involves, and (what is most to ray present purpose) its axis at 
the vernal equinox is always inclined (to the northward of the 
equator) at an angle of between 60° and 70^ to the horizon, and it 
is most luminous at its base, resting on the horizon, where also it 
is broadest, occupying, in fact, an angular breadth of somewhere 
about 10° or 12° in ordinary clear weather." 

* " The assumption that the extent of the starry firmament is 
literally infinite has been made by one of the greatest of astrono- 
mers, the late Dr. Olbers, the basis of a conclusion that the celes- 
tial spaces are, in some sUght degree, deficient in transparency ^ 
so that all beyond a certain distance is, and must remain for ever, 
unseen ; the geometrical progression of the extinction of light far 
outrunning the effect of any conceivable increase in the power of 
our telescopes. Were it not so, it is argued, every part of the celes- 
tial concave ought to shine with the brightness of the solar disc, 
since no visual ray could be so directed as not, in some point or 
other of its infinite length, to encounter such a disc." — Edinburgh 
Review, p. 185, for January, 1848 ; Etudes d'Astronomie Stellaire, 
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mysterious processes of world-formation^ will, eventually, 
become stars, and reflect across the blue immensity of 
heaven, in brightness, that light which is the necessary 
agent of organisation and all manifestatious of beauty ? 
The inferences drawn from a careful study of the con- 
dition of our own globe are in favour of the assumption 
of the existence of nebulous matter. By the processes 
of art and manufactiure, by the operation of those powers 
on which organisation and life depend, solid matter is 
constantly poured off in such a state that it cannot be 
detected, as matter, by any of the human senses. Yet 
a thousand results, daily and hourly accumulating as 
truths aroimd us, prove that the solid metals, the gross 
earths, and the constituents of animal and vegetable life, 
all pass away invisible to us, and become " thin air." 
We know that, floating around us, these volatilized 
bodies exist in some material form, and numerous ex- 
periments in chemistry are calculated to convince us, 
that the most attenuated air is capable, with a slight 
change of circumstances, of being converted into the 
condition of soUd masses. Hydrogen gas, the lightest, 
the most ethereal of the chemical elements, dissolves iron 
and zinc, arsenic, sulphur, and carbon; and from the 
transparent combinations thus formed, we can with 
facility separate those ponderous bodies. Such sub- 
stances must exist in our own atmosphere; why not 
in the regions of space? "Whether this planet ever 
floated a mass of nebulous matter, only known by its 
dim and fllmy light, or comet-like rushed through 
space with widely eccentric orbit, are questions which 
can only receive the reply of speculative minds. 
Whether the earth and the other members of the Solar 
System were ever parts of a Central Sun,* and thrown 

* In the Astronomische Nachrichten of July, 1840, appeared a 
Memoir by M. Madler, Die Centralsonne. The conclusions arrived 
at by Madler may be understood from the following quotation from 
a French translation, made by M. A. Gautier, in the Archives des' 
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from it by some nighty convulsion, though now revolv- 
ing with all the other masses around that orb, chained 
in their circuits by some infinite power, is beyond the 
utmost refinements of science to discover. This hypo- 
thesis is, however, in its subUme conception, worthy of 
the master-mind that gave it birth. 

All we know is, that our earth is an oblate sphere, 
which, by the effects of its rotation around an axis, is 
somewhat enlarged at the equator and flattened at the 
poles; — ^that it maintains its regular course around the 
sun, in virtue of the operation of two forces, one of 

Sciences Physiques et Naiurelles, for October, 1846 :— " Qaoiq[u'il 
r^ulte de ce qui precede ^ue la region du ciel que j'ai adoptee 
liatisfait k toutes les conditions pos6es plus haut, il n'en est pas 
moins convenable de la soumettre a toutes les epreuves possibles. 
Flusieursessaisde combinaisons differentes m'ont convaincu qu*on 
ne pourrait trouver auoun autre point dans le oiel qui put tenir 
lieu, mdme d'une maniere approchee, que celui que j*ai ado^te. 
• On pourrait maintenant m'addresser 1 objection que, si la re^on 
da ciel ou se trouve le centre de graTit6 de notre sjsteme d'etbiles 
fixes, est determin^e par ce qui precede entre eertaines limites, H 
n'en resulte pas la necessite de cboisir Alcyone pour oe centre, 
attendu qu'U pourrait bien tomber sur quelqu'autre etoile situee 
dans le nroupe ou dans son voisinage. Mais outre que c'est tout 
pres de Ik que se trouve le groupe le plus briUant et le plus riche 
en ^toiles de tout le ciel, et qu'il ne s*agit point ici aun point 
arbitraire situe dans le voisinage peu apparent et qui n'ait xien 
qui le distingue, il ne se trouve nul part, ineme dans la region 
voisine, une aussi exacte concordance des mouvements propres 
qu'ici, et ces mouvements correspondent mieux que tous les autres 
aux conditions etablies plus baut Or si Ton doit considerer ce 
groupe central, entre les etoiles egalement ^oign^s, on pent pre^ 
sumer que la plus brillante de beaucoup presente la plus grande 
masse. Outre cela Alcyone, consideree optiquement, est au milieu 
du groupe des Pleiades; et son mouvement propre, determine par 
Bessel, est plus exactement en accord avec la moyenne de ceux 
des autres rleiades; ainsi que des etoiles de cette region jusqu'^ 
10^ de distance. Je puis done Hablir comme consiquence de tout ce 

r\ prSeide que le groupe des Pleiades est le groupe central T ensemble 
sgstime des itoiles fixes, jusqt^aux limites extirieures dSterminSes 
jfor la Voie Lactic; et que Alcyone est Vitoile de ce groupe qui 
paralt itre, leplus vraisemblablement, le vrai Soleil centrtUJ* 
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which, acting constantly, would eventually draw it 
into the body of the sun itself; but that it is op- 
posed by the other, centrifiigal force, and the varying 
momentum of the revolving mass ; — ^that the same 
force acting from the centre of the earth itself, and 
from the centre of every particle of its substance, 
resolves the whole into a globular form. 

The principle of Gravitation* is that force which 
resides in every form of matter, by which particle is 
attracted by particle, and mass by mass, the less 
towards the greater. What this may be, we scarcelv 
dare to speculate. In the vast area of its action, whid^ 
opens before the eye of the mind, we see a power span- 
ning all space, and linking together every one of those 
myriads of worlds which spangle the robe of the Infi- 
nite, and we are compelled to pause. Is this principle 
of gravitation a property of matter, or is it a power 
higher than the more tangible forces, is the question 
wMch presses on the mind. If we regard it as a subtile 
principle pervading all space, we compel ourselves ta 
look beyond it for another power yet more refined; and 
we cannot halt imtil, ascending trom the limitable to 
the illimitable, we resolve gravitation and its governing 
influences to the centre of all power — ^ihe w5l of the 
eternal Creator. 

Science has developed the grand truth, that it is by^ 
the exercise of this all-pervading influence that the 
earth is retained in its orbit — ^that the pellucid globe of 
dew which glistens on the leaf is bound together — ^that 
the d6bris which float upon the lake accumulate into 
one mass — ^that the sea exhibits the phenomena of the 
tides — and the aerial ocean its barometric changes. In 
all things this force is active, and throughout nature it 
is ever present. Our knowledge of the laws which it 

* See the article On Qravitation, Penny CyclopsBdia, from the- 
pen of the Astronomer-Boyal. 
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obeys^ enables ns to conclude that the sun and distant 
planets are consolidated masses like this earth. We 
find that they have gravitating power, and by com- 
paring this influence with that exerted by the earth, we 
are enabled to weigh the mass of one planet against 
another. In the balance of the astronomer, it is as 
easy to poise the remote star, as it is for the engineer 
to calculate the weight of the iron tunnel of the Menai 
Straits, or any othermechanical structure. Thusthrough- 
out the universe the balance of gravitating force is un- 
erringly sustained. If one of the most remote of those 
gems of light, which flicker at midnight in the dark 
distance of the starry vault, was, by any power, removed 
from its place, the disturbance of these delicately ba^ 
lanced mysteries would be felt through all the created 
systems of worlds. 

From the peculiarity of the laws which this power 
called gravity obeys, it has been inferred that it acts 
from centres of force ; it is proved that its power dimi- 
nishes in the inverse ratio of the square of the distance, 
and that the gravitating power of every material body 
is in the direct proportion of its mass. In astronomical 
calculations we have first to learn the mass of our 
earth. Experiment informs us that the density of our 
hardest rock is not above 28 ; but from the enormous 
pressure to which matter must be subjected, at great 
depths from the surface, the weight of the superincum- 
bent mass constantly increasing, it is quite certain 
that the earth^s density 'must be far more than this. 
Maskelyne determined the attraction of large masses 
by a plummet and line on the moimtaui Schehallion.* 

* Delambre dates the commencement of modem astronomical 
observation in its most perfect form from Maskelyne, who was the 
first who gave what is now called a standard catalogue (a.d. 1790) 
of stars; that is, a number of stars observed with such frequency 
and accuracy, that their places serve as standai-d points of the 
heavens. His suggestion of the Nautical Almanack, and his su- 
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Cavendish, with exceedingly delicate apparatus, observed 
the attraction of masses of known weight and size upon 
each other. Applying the powers of arithmetical cal- 
culation, and the data obtained from the small experi- 
ments to the larger phenomena, Maskelyne determined 
the earth^s mean density to be 4*71, whilst Cavendish 
made it 5*48, but the more recent refined investigations 
of Baily have determined it to be 5*67 .* 

Prom data thus obtained by severe inductive experi- 
ments and mathematical analyses, the astronomer, by 
observing the deviations of a distant star, is enabled to 
determine the influence of those stellar bodies near 
which it passes, and, hence, to calculate the relative 
magnitudes of each. The accuracy of the law is in this 
way put to the severest test, and the precision of astro- 
nomical prediction is the strongest proof of its univer- 
sality and tnjth. 

Boiling onward its lonely way, in the far immensity 
of our system, the planet Uranus was discovered by 
the elder Herschel, — so great its distance that its 
diminished light could scarcely be detected by the 
most powerfiil telescopes; but since its discovery its 
path has been carefully watched, and some irregularities 
noticed. Most of these disturbances were referable 
to known causes; but a little alteration in its rate of 
motion observed when the planet was in one portion 
of its vast orbit was unexplained. Convinced of the 
certainty of Newton's law, and having determined 
that the attraction of known masses was insufficient 

perintendence of it to the end of his life, from its first publication 
in 1707, are mentioned in the Almanack (vol. i. p. 364) ; his Sche- 
haUion Experiment on Attraction in vol. iii. p. 69 ; and the charac< 
ter of his Greenwich Observations in Greemoich Observatory in vol. 
ii. p. 442. 

* Experiments to determine the Density of the Earth. By Henry 
Cavendish, Esq., F.R.S. and F.A.S. — Philosophical Transactions, 
1798. 
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to produce the disturbance observed^ these deTiation» 
were referred to the gravitating influence of a mass- 
beyond the known limits of our Solar System. By 
the investigations of Adamsin England,* and Le Yerrier 
in France^t the place of the hypothetical mass was 
determined, and its size computed. As a grand 
confirmation of the great law, and to the glory of those 
two far-searching minds, who do honour to theur 
respective countries and their age, the hypothesis 
became a fact, in the discovery of the planet Neptune 
in the place determined by rigorous calculation. Astro- 
nomy affords other examples of the sublime truth of 
the law of gravitation, than which science can afford no 
more elevated poetry. 

So completdy is all nature locked in the bonds of 
this infinite power, that it is no poetic exa^eration to 
declare, that the blow which rends any earthly masa 
is conveyed by successive impulses to every one of the 
myriads of orbs, which are even too remote for the 
reach of telescopic vision. 

An illustrative experiment must close our consideration 
of relative operations of rotation and gravitation. We well 
know that a body in a fluid state would, if suspended above 
the earth, it being at the same time free to take any form, 
naturally assume that of a flattened spheroid, from the 
action of the mass of the earth upon it : whereas the 
force of cohesive attraction acting equally from all sidea 
of a centre, would, if uninfluenc^, necessarily produce 
a perfect sphere. The best method of showing that this 
would be the case, is as follows : — 

Alcohol and water are to be mixed together until the 

* Adams : An Eseplanation qf the observed irregularities in the- 
motion of Uranus^ on the hypothesis of disturbance caused by a more 
distant Planet. — Appendix to Nautical Almanack for 1851. 

f Le Verrier: Premier Mimoire sur la thiorie d Uranus ^ Comptes 
Bendus, vol. xxi. ; Sur la planite quipreduit les anomalies c^servies- 
dans le mouvement d Uranus. — lb. vol. xxiii. 
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fluid is of the same specific gravity as olive oil. If, when 
tliis is effected, we drop globules of the oil into the 
mixed fluid, it will be seen that they take an orbicular 
form ; — and, of course, in this experiment the power of 
the earth^s gravitating influence is neutralized. The 
same drops of oil under any other conditions would be 
flattened. Simple as this illustration is, it tells much of 
the wondrous secret of those beautifully balanced forces 
of cohesion and of gravitation ; and from the prosaic 
fact we rise to a great philosophical truth. Our experi- 
ment may lead us yet farther in exemplification of 
known phenomena. K we pass a steel wire through 
one of those floating spheres of oil, and make it revolve^ 
rapidly and steadily, thus imitating the motion of . 
planet on its axis, the oil spreads out, and we have th^ 
spheroidal form of our earth. Increase the rapidity of 
this rotation, and when a certain rate is obtained the 
oil widens into a disc, a ring separates itself from 
a central globe, and at a distance from it still re^x>lves 
aroimd it.* Here we have a miniature representation of 

*:: The experiment alluded to is one of a series by M. Plateau, 
who thus describes his arrangement of the fluid : — ** We begin by 
making a mixture of alcohol and distilled water, containing a cer- 
tain excess of alcohol, so that when submitted to the trial of the 
test tube it lets the small sphere of oil fall to the bottom rather 
rapidly. When this point is obtained, the whole is thrown upon 
filters, care being taken to cover the ^nnels containing these last 
with plates of glass ; this precRutiou is taken in order to prevent, 
as much as possible, the evaporation of the alcohol. The alco- 
holic liquor passes the first through the filters, ordinarily carrying 
with it a certain number of very minute spherules of ou When 
the greater part has thus passed, the spherules become more nume- 
rous ; what still remains in the first filters, namely, the oil and a 
residue of alcoholic liquor, is then thrown into a single filter placed 
on a new flask. This last filtration takes place much more slowly 
than the first, on account of the viscosity of the oil ; it is consider- 
ably accelerated by renewing the filter once or twice dunng the 
operation. If the funnel has been covered with sufficient care, the 
oil will collect into a single mass at the bottom of the flask und^ 

D 
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the ring of Saturn. This is a suggestive experiment^ 
the repetition of M«hich, by reflective minds, cannot fail 
to lead to important deductions. The phenomena of 
cohesion^ of motion, and gravitation, are all involved ; 
and we produce results resembling, in a striking man- 
ner, the conditions which prevail in the planetary spaces, 
under the influence of the same powers. If we take 
a glass globe, and having filled it with a fluid of the 
proper density, drop into it large and small globules of 
oil, we may produce an instructive representation, of 
the stellar vault, with its beautiM spheres of light 
revolving in their respective orbits; and though cross- 
ing each other^s paths, still moving in. obedEence to 
attracting and repelling forces — onward in perfect 
harmony. 

Prom the centre of otir earth to the utmost extremitjr 
of the universe — from the infinitely small to the im- 
men^ly vast — gravitation exerts its force. It is met 
on all sides- by physical powers acting in antagonism to 
it, but, like a ruling spirit, it restrains them initheir 
wildest moods. 

Tlie smallest dust which floats upon the wind 
Bears this strong impress of the Eternal Mind. 
In mystei7 round it, subtile forces roll; 
And gravitation binds and guides the whole. 
In every sand, before the tempest hurl'd, 
Lie looked the powers which regulate a world, 
And from each atom human thought may rise 
With might to pierce the mysteries of the skies, — 
To try each force which rules the mighty pl^n, 
Of moving planets, or of breathing man ; 
And from the secret wonders of each sod; 
Evoke the truths, and learn the power of God. 

a layer of alcoholic liquor."— 0»/Ae Phenomenu presented hij a free 
Liquid Mass withdrawn from the action of Gravity. By Professor 
Plateau, of the Uni versity of G hent. Translated from the Memoirs 
of' the Royal Academy of Brussels^ vol. xvi. ; in the Scientific 
M^moirSy vol. iv. part 13. 
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CHAPTER IV. 

MOLECX7LAR FORCES. 

Conditions of Matter— Yariety of organized Forms— Inorgmio 
Formft — All matter reducible to the most simple oonditiena 
— Transmutation, a natural operation — Ghemieal. Eluneo* 
tary Principles — Divisibility of Matter — ^Atoms — Molecules- 
Particles— Molecular Force includes several Agenda — 
Instanced in tbe Action of Heat on Bodies — All Bodies 
porous — Solution — Mixture — Combination — Centres of 
Force — Different States of Matter (Allotropio Conditions)^ 
— Theories of Franklin, iSpinus, and Coulomb — Electrical, 
and Magnetic Agencies — Ancient Notions — C6hesive 
Attraction, Sod. 

In conteinplating the works of nature^ if6 cannot hut. 
regard^ iriiii feelings of religions admiration, the infinite- 
variety of forms under which matter is presenteebto (far 
senses. . On every hand the utmost diversity is- ex-- 
hibited; through ail things we trace the most pei£9ctf 
order ; and over all is diffused the charm of beauty. It 
is the uneducated or depraved alone who find deformities 
in the creations by which we are surrounded. 

The three conditions of matter are — flie solid; the 
fluid, and. the aeriform'; and these belong equally to the 
organic and the inorganic world. 

In organic nature we have an almost infinite variety* 
of animal form, presenting developments widely different 
fix>m each other, yet in every case suited to the circum- 
stances required by the position which the creature 
occupies in the scale of being. Throu^ the entire 
series, from the Polype to the higher order of animafe, 
even to man, we find a uniformity in the progress 
towards perfection^ and a oomtinuity in tiie seridB> which 
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betrays the great secret, that the mystery of life is the 
same in all, — a pervading spiritual essence associated 
with matter, and modifying it by the master-mechanism 
of an Infinite mind. 

In the vegetable clothing of the surface of the earth, 
which fits it for the abode of man and animals — from 
the confervse of a stagnant pool, or the lichen of the 
wind-beaten rocks, to the lordly oak or towering palm — 
a singularly beautifiil chain of being presents itself to 
the contemplative mind, and we cannot but trace 
the gradual elevation in the scale of organization. 

In the inorganic world, where the great phenomena 
of life are wanting, we have constantly exhibited the 
working of powers of a strangely complicated kind. 
The symmetrical arrangement of crystals — the diversi- 
fied characters of mineral formations — the systematic 
aggregations of particles to form masses possessing pro- 
perties of a peculiar and striking nature — all prove, that 
agencies, which science, with all its refinements, has not 
yet detected, are unceasingly at work. Heat, electricity, 
chemical power — ^whatever that may be — and the forces 
of cohesion, are kno^vn to be involved in the production 
of the forms we see ; but contemplation soon leads to 
the conviction that these powers are suboi*dinate to 
others which we know not of. We know only the 
things belonging to the surface of our planet, and these 
but superficially. The geologist traces rock-forma- 
tions succeeding each other (from the primary strata 
holding no traces of organized forms, through the Paleo- 
zoic series, in which* step by step, the history of animal 
life is recorded,) to the more recent formations, teeming 
with relics, which, though allied to some animal types 
still existing, are generally such as have passed away. 
The naturalist searches the earth, the waters, and the 
air, for their living things ; and the diversity of form, 
the variety of condition, and the perfection of organiza- 
tion which he discovers as belonging to this our epocli 
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— diflfering from, indeed bearing but a slight relation to, 
those which mark the earth's mutations — exhibit, in a 
most striking view, the endless variety of characters 
which matter can assume. 

We are so accustomed to all these phenomena oi 
matter, that it is with some difficulty we can bend 
ourselves to the study of the more simple conditions 
in which it exists. 

The solid crugts of this telluric spliere — the waters 
and the atmosphere — ^the diversified fabrics of the vege- 
table kingdom — and the still more complicated struc- 
tures of men and animals — are, altogether, but the 
aggregation of minute particles in accordance with 
certain fixed laws. By mechanical means all kinds of 
matter may be reduced to powder, the fine particles of 
which would not appear very diflferent from each other, 
but each atom has been impressed with properties 
peculiar to itself, which man has no power to change. 

To nature alone belongs the mysterious property of 
transmutation. The enthusiastic alchemist, by the 
agency of physical forces, dissipates a metal in vapour ; 
but it remains a metal, and the same metal still. By the 
Hermetic art he breaks up the combination of masses ; 
but he cannot alter the principles of any one of the 
elements which form the mass upon which his skill is 
tried. 

Every atom is invested with properties peculiar to all 
of its class ; and each one possesses powers, to which in 
mute obedience it is compelled, by which these proper- 
ties are modified, and the character of inatter varied. 
What are those properties ? Do we know anything of 
those powers ? 

The earth, so far as we are acquainted with it, is 
composed of about sixty principles, which we call 
elementary. These are the most simple states to which 
we can reduce matter, and from them all the forms of 
creation yet examined by the chemist are produced. 
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These elementaTy principles axe, some of them, perma- 
nently gaseous mider the ordinary temperature, and 
others exist as solid masses; the difference between the 
two conditions being regulated, as it appears, by the 
opposing forces of heat and cohesive attraction. 

Matter has been regarded by some as infinitely divi- 
sible ; but the known conditions of chemical combina- 
tions lead to the conclusion that there are limits beyond 
which matter cannot be divided.* The theory of atoms 
having determinate characters, and possessing symmetric 
farms, certainly has the advantage of presenting to the 
human mind a starting point — ^a sort of standing ground, 
— ^from which it can direct the survey of cosmical phe- 
nomena. The metaphysical hypothesis, which resolves 
sffl mjttter'intoT)roperties, aiid refers all things to ideas. 



* **Th& divisibility of matter. is great beyond the power of 
imagination, but we have no reason for asserting thjit it is 
infinite; for the demonstrations which have sometimes been 
adduced in favour of this opinion are obviously applicable to 
space only. The infinite divisibility of space seems to be essen- 
tial to the conceipti«n that we have of its nature, and it may be 
stxifitly demonstrated that it is mathematically possible to draw 
an infinite number of circles between any given circle and its 
tai^gent, none of which shall tou6h either of them except at the 
generalpoint of contact; and that a ship following always the 
same oblique course with respect to the meridian, — for example, 
jsailing nprthreastwards, — ^would continue perpetually to approach 
.the pole without ever completely j'eaching it. But when we 
inqmre into the truth of the old maxim of the schools, that all 
mittteriis infinij^ely divisible, we are by no means able to decide 
-so positively. Newton observes that it is doubtful whether any 
.human means may be sufficient to separate the particles of 
matter beyond a certain limit; and it is not impossible that 
there m^y be some constitution of atoms, or single corpuscles, 
' on which their properties, as matter, depend, and which would 
be destroyed if the units were further divided; but it appears to 
the more probable that, there are no such; atoms, and even if thme 
are, it is almost certain that matter is never thus annihilated in 
the common course of matter." — The Essential Properties qf 
IHfatter : Young's Natural Philosophy ; ed. by Kev. P. Lelland. 
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leayes the mind in a state of uncertainty and bewilder- 
ment. 

Adapting the views of Dumas^ with some modifica- 
tions,* it will be found more satis&ctory to regard the 
ultimate atoms of matter as points beyond the reach of 
our examination ; which, according to a law, determined 
by the influences of the so-called imponderable forces, 
unite to form molecules. Again, these molecules com- 
bine to form the particles of the mass which we mi^y 
regard bb the limit of mechanical division. The particles 
of solid bodies are solid, those of fluids fluid, and those of 
gaseous bodies are themselves aeriform; but it .does not 
follow that the molecules of any body should be neces- 

♦ "Two Tery different hypotheses have been formed to ex- 
plam the natui'e of matter, or the mode of its formation ; the 
one known as the atomic theory, the other, the thfnamie. The 
founder of the former and earlier was Leueippus: he oonsi- 
dered the basis of -all bodies to be extremely fine particles, 
differing in form and nature, which he supposed to be dispersed 
through space, and to which his follower Epicurus first gare 
liie name of atoms. To these atoms he attributed a reetilinear 
motion, in consequence of which such as are hom o g e neous 
imited, whilst the liffhter were dispersed through space. The 
author of the second hypothesis was the £Gunous Kant He 
imagined all matter existed, or was originated, by two antagonist 
;and mutually counteracting pi-inciples, which he called attraction 
'^nd repulsion, all the predicates of which he referred to motion. 
Most modern philosophers, and foremost amongst them Ampere 
and tPoisson,. have adopted an hypothesis coiaibiDinfif the features 
of both the preceding. They regarded the atoms as data, deriving 
their origin from the Deity as the first cause, and consider their 
innate attractive and repulsive force as a necessary condition to 
their combination in bodies. The main features of this hypothesfg 
are borrowed from Aristotle, inasmuch as he supposed the basis 
of all bodies to be the four elements known to the ancients, the 
particles of which, endued with certain powers, constituted 
bodies. According to Ampere, all bodies consist of equal particles, 
-and they again of mbiecules that, up to a certain distance, 
sXtcajQt each other. Their distance from each other he supposed 
to be regulated by the intensity of the attractive and repulsive 
forces, the latter of which preponderates." — Peschel's Elements qf 
Physics] translated by E. West, 1845. 
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forily solid^ fluid, or aeriform, from the circumstance of 
their liaving formed the particles of a body in one of 
these states. 

An this planet — a molecule in space — is formed of 
aggregated atoms, and enveloped by its own physical 
agencies — and as it is involved in the infinitely extending 
influences of other planetary molecules, and thus forms 
part of a system — so the molecules of any mass are 
grouped into a system or particle, which' possesses the 
great characteristic features of the whole. 

In an aeriform body the particles are in a state of 
extreme tenuity, the molecules being themselves, by the 
influence of some repulsive force, just on the verge where 
cohesion exerts its decaying power. In fluid bodies the 
attenuation of the particles is less — ^the particles and 
also the molecules are nearer together, — ^whereas, in the 
solid body, the forces of cohesion are most strongly ex- 
erted, and all the molecular conditions brought more 
I)0werfully into action. 

Under the term molecular force, we include several 
agencies, — not alike in the phenomena which they 
exhibit, but which are all-powerful in producing the 
general characteristics of bodies. These require a 
somewhat close examination. All the particles of even 
a solid mass may be brought under conditions on which 
they are free to move. By heat we can increase the 
length and thickness of a bar of iron, or any other 
metal, and at length produce the fluid state, — a melted 
metal flows as freely as water in a stream. Fluids, 
and gases in like manner obey the dispersive influence 
of caloric. Prom these and other analogous results wc 
learn that all bodies have a greater or less degree of 
porosity. The distance at which the particles of fluid 
bodies are maintained is strikingly proved by the fact, 
that hydi'ated salts dissolved in water occupy no more 
space than that which is equal to the water contained iu 
the crj^stalline body ; while anhydrous salts dissolve 
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i?ithout at all increasing the bulk of the fluid. All the 
solid matter of the salt must^ in these cases^ it woidd 
appear, go to fill up the interstitial spaces which we 
suppose to exist in the liquid.* 

The conditions which regulate the solubility of 
bodies^ and the power of solution, regarded either as a 
mechanical or a chemical process, are very obscure. 
We might be led to suppose, that those bodies possess- 
ing the largest amount of unoccupied space were capable 
of holding the greatest quantity of soluble matter dis- 
solved. This, however, is far from being the case, the 
denser fluids generally having the greatest solvent 
power. 

The peculiar manner in which hydrogen gas appears 
to dissolve soUd substances, — as iron, potassium, sodium, 
sulphur, phosphorus, selenium, and arsenic, may be ex- 
plained by regarding the results as a manifestation 
of the powers of chemical affinity over the forms of 
bodies. In like manner, the solution of salt in water, 
or the mixture of alcohol in that fluid, may be viewed as 
chemical phenomena, although usually considered as 
simple cases of solution or mixture : alterations of tempera- 
ture and other physical changes taking place in either. If 
two masses of metal, — either tin and copper, for example, 
— are melted and combined, the united mass will not 
equal the bulk of the two masses. If a pint measure of 
oil of vitriol and an equal quantity of water are mixed 
together, the combined fluids will not fill a two pint 
measure.f 

* This was first proved by the researches of Dr. Dalton: the 
subject will be again alluded to under the consideration of atomic 
volumes. 

f These peculiar phenomena may he studied advantageously in 
the works of most of the eminent European chemists. In our 
own language the reader is refeired to Dr. Thompson's Outline of 
the Sciences of Heat and Electricity, 2nd edition; Brande's 
Manual of Chemistry— Art, Specific Heat ; Graham's Elements of 
Chemistry ; and Daiiiell's Introduction to the Study <f Chemical 
Philosophy. 
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In these instances a lar^e quantity of heat is rendered 
sensible, as if it had been squeezed out by the force 
mth which the particles combined, firom insterstices, 
which were filled with, what we may be allowed to call, 
an .atmosphere of heat. Hence we conclude that, 
amongst the influences determining the molecular con- 
stitution of a body, heat performs an important part. 
All these facts go to prove that the atoms which form 
the jcompound body, whatever may be its character, are 
disposed of as mso many centres of force, which act by 
influences of a peculiar character upon each other. That 
these influences are dependent upon known physical 
forces is certain ; but the laws by which the powers of 
the ultimate atom are alt^ed remain still unknown. 

In the great operations of nature, changes are pro- 
duced which we cannot understand, and variations of 
v^ondition do certainly occur, which may be regarded as 
insl^mces of transmutation. 

Amongst others, we may adduce the different states 
in which we know carbon to «xist. We have the 
diamond with its beautifiil light-reJBractii^ property, its 
hardness and high specific gravity, capable (^ being con- 
vertedinto graphite and coke.* Charcoal, graphite, and 
i;he diamond, are totally unlike each other, yet we know 
-they are eadh compose! of the same atoms. Charcoal 
is a black im^ular substance, light, and readily inflam- 
indble ; grajhite is crystdlizable ; but the forms of its 
«ystals cannot be referred to those of the diamond, and 
it bums with difficulty. The diamond occurs in. Ae 
most regular and beautifully transparent forms ; and it 
'^sam be burned only at the highest artificial temperatures. 

* The convei-sion of the diamond into graphite and coke was 
first effected by the agency of the galvanic arc of flame, by M. 
Ja^uelini, and communicated to the Academy of Sciences in 1847, 
in a Memoir entitled, De Vaction cahrifique de la pile de Bunseny 
!^ekalumeau d ^az oxygene et ^ydrogene sur le carbon, pur ^ art^ieiel 
€t natureU See Comptes Rendus, 1847, vol. xxiv. p. 1050 ; s^o 
Report 'f the British Association^ for 1847, (Transactions ofStethiu) 
p. 50. 
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We are, however, convinced by experiment that the 
brilliant and transparent gem is made up of the same 
atoms as those which go to form the dull black mass of 
charcoal. From diamonds, as is above stated, coke has 
been formed by the heat of the voltaic battery, and re- 
cent experiments have proved that the volatilized 
carbon constantly passing off from one of the poles of a 
sufficiently powerfiil battery, is deposited in a crystal- 
line powder, possessing most of the properties, as it 
regards hardness, &c. of true diamond dust. What is 
the mystery of this? We know not. The peculiar 
conditions-have been the subjects of anxious study; but 
science has not yet let in a ray of light upon the 
mystery. That a different state — it has been called 
an aUoiropic condition — ^is often induced in the same 
class of atoms is certain ; and hence the variety* of the 
resulting compounds. To continue our illustrations 
with carbon — ^may not its combinations, in uniform pro- 
portions with oxygen and hydrogen,* owe their differ- 
ences to some allotropic change in the ultimate atoms of 
:this element. 

We know that silicon — the metallic base of flint — ^is 



"* **Iti the annua report on theprogressrof chemistry, presented 
to the Boyal Academy of Stockholm, in March 1840, I have 
proposed to designate by the term tUhtropie state, that dissimilar 
condition which is observed in certain elements, and long known 
examples of which are found in the different ftrrms of carbon, as 
graphite and diamond. 

'* Although these dissimilar oonditions, which T have here called 
4illotropic, -have long since attracted attention in one or two 
^ements^ still they have been regarded as exceptions to the 
general rule. It is at present my object to show that they are 
not so rare ; that it is probably rather a general property of the 
elements to appear in different allotropic conditions ; and that 
although we have hitherto been unable to ohtain several of the 
elements when uncombined in their allotropic states, still their 
compoimds indicate the same with tolerable distinctness." — Ber» 
jseUits on the AUotropy of the Elementary Bodies, SfC. : Poggen- 
dorffs Annalen, 1844. Scientific Memoirs, vol. iv. p. 240. 
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capable of assuming two or more dififerent states ; and 
tliat sulphur^ selenium^ phosphorus^ and arsenic^ are 
susceptible of these remarkable changes in which, with- 
out the slightest variation in the chemical character, a 
complete change in the physical condition is produced. 
Copper, iron, tin, and manganese, are known to exist in 
at least two states of physical dissimilarity, aud many of 
the rarer metals exhibit the same peculiarity.* Hence, 
may we not infer that some of those substances, which 
we now term elementary, are but altered conditions of 
the same element ? The resemblance between many of 
those bodies strengthens the supposition. Iridium and 
platinum, — iron and nickel, — chlorine, bromine, iodine, 
and probably fluorine, — are good examples of these 
similarities, although these bodies are all distinguished 
by physical and chemical differences. 

The Ught-refiracting gem, which glistens on the nec^e 
of beauty, and is valued for its transparency, differs only 
from the rude lump of coke in its molecular arrange>- 

* Copper, when reduced by hydrogen at a heat below that of 
i-edness, on exposure to air soon becomes coiiverted throughout 
its mass into protoxide ; and when it is triturated for some time 
with an equivalent quantity of sulphur, it combines with it 
according to Bottcher's experiments, producing flame, aud form- 
ing sulphuret of copper. If, however, the copper be reduced by 
hydrogen at a red heat, still considerably below the temperature 
at whicb it softens and begins to melt, it remains for years un- 
changed by exposure to air, and cannot be made to combine 
with sulphur without the application of heat. Iron, cobalt, and 
nickel, when reduced by hydrogen below a red heat, inflame after 
they have cooled, if exposed to the air ; and if they are Imme- 
diately placed in water to avoid their taking fire, they inflame 
^when they are again removed, and have become nearly dry. If 
'we compare this behaviour with that of iron reduced by heat, 
and with iron in that state in which it forms the conductor of 
a galvanic current without becoming oxidized, it would appear 
that these peculiarities depended upon something more than a 
difierence of mechanical condition." — Berzelius on the Allatrop^ 
of Eiemtntary Bodies. See On the Isomeric Conditions of the Pet- 
oxide oj Tin: bv Prof. H. Pvose.— Chemical Gazette, Oct. 1848. 
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ment. Chemistry teaches us that we may, without pro- 
ducing any disarrangement of the affinities, but by 
merely setting up molecular disturbance, effect decided 
changes, as is strikingly shown in the colour of iodide of 
mercury changing fi^m red to yellow imder slight in- 
fluences of heat, and back again to red by a gentle 
mechanical disturbance. By a slight change, merely 
molecular, iron may be made to resemble platinum in 
its physical properties.* An iron wire plunged into 
nitric acid is attacked by the acid with violence ; but if 
one extremity of the wire is heated in the flame of 
a spirit lamp, such a change of state is produced 
throu^out the entire length of the wire, that if it be 
now plunged into nitric acid no effect is produced upon 
it. On studying this question, we find good reason for 
supposing that bodies which, though physically different, 
resemble each other in some of their properties, iodine, 
bromime, &c., are the results of different allotropic con- 
ditions which have been impressed upon the ultimate 
atoms, similar to those observed in the substances 
named. This hypothesis appears to be more in accord- 
ance with the great principles which we must conceive 

♦ On this curious subject, and its history, see Bergman's 
Dissert de Phlog. quantitate in Metallis, 1764. Kirwan, Oft the 
Attractive Powers of Mineral Acids : Philosophical Transactions. 
Kier*s Experiments and Observations on the Dissolution <if Metals 
in Acids: Phil. Trans. 1790. 

From these valuable papers it will be seen that the peculiar 
states of iron had alreaoy attracted attention, particularly those 
" inactive conditions " noticed in a " Note sur la Maniere d^agir 
de V Acide nitrique sur le Fer, par J, P. W. Hersckel,"* Aug. 1833; 
and previously indicated by M. H. Braconnot, Sur quelques 
Propri^tSs de r Acide nitrique, Aunales de Chimie, vol. lii. p. 54. 
Reference should also be made to the Memoirs of Sir John 
Herschel, On the Action of the Rays <^ the Solar Spectrum on 
Vegetable Colours, ^-c. : Phil. Trans, vol. cxxxiii. p. 221 ; and On 
the Separation of Iron from other Metals: Phil. Trans, vol. cxi. p. 
293; and several papers by Schoubein, in the Philosophical 
Magazine, from 1887. 



46 PROBABLE ACTION OF THE 

guided the labours of an Infinite Mind^ than that which 
supposes a vast number of. individual creations* It will; 
be seen in the sequel that light> heat^ electricity), andi 
dbiemical action^ have the power, of producing yet moret 
striking changes in the forms o£ bodies. Is it not 
probable that^ according to the operations of these; 
agents^ either oombined or separate^ acting over different 
spaces of time^ and under varying circumstancesy, in: 
relation to the molecular forces> aU those allotropic 
states may be produced ? Hence bodies may be dis- 
covered, which, — from the imperfections of science,: — 
resisting our means of analysis, must, for a time^ be 
regarded as new elements, whereas they are posadbly 
only altered states of the same substance. 

liie experiments of Faraday and of Plucker prove 
that all matter exists in certain polar conditions^. having' 
powers of mutual attraction and repulsion.* Are tiiie • 
molecular forces, so called, to be referred to any ofrtiiose. 
powers which are involved in the general term magnfitic- 
polarity ? Are they not probably the result, of some 
ultimate principle of which these properties are but. 
the modi&ed manifestations? These questions wiU 
now be generally answered in favour of magnetism; 
but in our ignorance we should pause ; the next genera- 

* Faraday, in his memoir On new ^iagnettcActwns^andon tbe* 
Magnetic Conditions of all Matter^ says: — "By the exertion of. 
this new condition of force, the body moved may pass either along 
the magnetic lines or across them, and it may move alongor acxoss 
them in either or any direction, so that two portions of matter, 
simultaneously subject to this power, may be made to approach 
each other as if they were mutually attracted, or recede as if' 
mutually i*epelled. All the phenomena resolve themselves into 
this, that a portion of such matter, when under magnetia action, 
tends to move from stronger to weaker places or points of force. 
When the substance is surrounded by lines of magnetic force of. 
equal power on all sides, it does not tend to move, and is then in 
marked contradistinction with a linear current of electricity under 
the same circumstances." — Phil. Trans, for 1846, vol. cxxxvii. 
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tion will without doubt fiud another solution for 
the problem. 

IVanklin supposed the ultimate atoms of bodies to be 
surrounded by a subtile fluid or ether^ which they have 
the power of condensing upon their surfaces with 
great force — and we have experiments showing that 
this is probable* — whilst he regarded the atoms of the- 
ether itself as mutually repellent^ thus establishipg an 
equilibrium of forces, ^pinus reduced the hypothesis 
of Franklin to a mathematical' theory ; and Coulomb 
proved that the force with which the repulsion of the 
ethereal atoms and the attraction of the material mole- 
cules are produced, is, like universal attraction, — to* 
whatever power that maybe due, — ^regulated by the law 
of the inverse ratio of the square of the distance. These 
views are found, upon minute examination, to hold true 
to the phenomena with which inductive science has * 
made us acquainted ; and the striking manner in which^ 
when submitted to the rigorous investigations of geome*^ 
ters, they agree with known conditions of electricity, 
appears certainly to favour the opinion that this power 
may be materially connected with these molecular 
arrangements. 

Many of the phenomena which are connected with 
the magnetic influences also bear in a remarkable 
manner upon this inquiry. But, without the necessary 
proof of direct experimental evidence, it were as im- 
philosophical to refer the binding tc^ether of the 
molecules of matter to the agency of electricity, as it 
would be to adopt the theory of the hooked atoms of 

'!: New Experiments and Observations on Electricity made at 
Philadelphia, in America. — Addressed to Mr. CoUinson, from 1747 
to 17r)4. By Benjamin Franklin. Of these Priestley remarks:—^ 
" It is not easy to say whether we are most pleased with the. 
simplicity and perspicuity with which the author proposes every 
hypothesis of his own, or the noble frankness with which he 
relates his mistakes, when they were corrected by subsequent 
sxperiments." 



48 COHESION AND GRAVITATION. 

Epicurus, or the astrological dream of the sympathies of 
matter.* 

Science, however, enables us to infer with safety that 
the mechanical powers which regulate the constitution 
of a cube of marble, or a granite mountain, are of a 
similar order to those which determine the earth's re- 
lation to the other planets in the solar system, and that 
solar system itself a unit, in the immensity of space, to 
the myriads of suns which spangle the stellar vault. 

In fine, cohesion, or the attraction of aggregation, is 
a power employed in binding particle to particle. To 
cohesion, we find we have heat opposed as a repellent 
force ; and the mysterious operations of those electrical 
phenomena, generally referred to as polar forces, are 
constantly, it is certain, interfering with its powers. In 
addition, we have seen that in nature there exists an 
agency which is capable of changing the constitution of 
the ultimate atoms, and of thus giving variety to each 
resulting mass. What this power may be, our science 

* ** Tlie atomic philosophy of Epicurus, in its mere physical 
contemplation, allows of nothing but matter and space, which ard 
equally infinite and unbounded, which have equally existed from 
all eternity, and from different combinations of which eveiy 
visible form is created. These elementary principles have no 
common property with each other; for whatever matter is, that 
space is the reverse of; and whatever space is, matter is the con- 
traiy to. The actual solid part of all bodies, therefore, are matter, 
their actual pores space, and the parts wliich are not altogether 
solid, but an intermixture of solidity and pore, are space and 
matter combined. 

"The infinite gi-oups of atoms, flying through all time and 
space in diiferent directions and under different laws, have inter- 
changeably tried and exhibited eveiy possible mode of rencoun- 
ter: sometimes repelled from each other by concussion, and 
sometimes adhering to each other from their own jagged or 
pointed constiniction, or from the casual interstices which two or 
more connected atoms must pioduce, and which may be just 
adapted to those of other figures, — as globular, oval, or square. 
Hence the origin of compound and visible bodies; hence the 
origin of large masses of matter ; hence, eventually, the origin of 
the world itself." — Dr. Good's Book qf Nature. 
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<;aimot tell; but our reason leads us, with firm con- 
viction, to the belief that it is a principle which is, 
beyond all others in its subtile influences which equaUy 
universal with, appears to rise superior to gravitation ; 
and which, Hke a spirituaUiy, shadows forth to our 
dwarf conceptions the immensity of the divine power of 
the omniscient Creator. 

The molecular forces involve a consideration of all the 
known physical powers, the study of which, in their 
operations on matter, will engage our attention. But it 
is:{dea8ant to learn, as we advance step by step in our 
examination of the phenomena of creation, that we may 
study the grand in what externally appears the simple^ 
and learn, in the mysteries of a particle, the high 
truths which science has to tell of a planet. 

It may appear that the foiroes of gravitation and cohe- 
sion are regarded as identical. Many phenomena, which 
we are enabled to reach by the refinements of inductive 
inquiry, certainly present to us a striking similarity in 
the laws which regulate the operations of these powers ; 
butdt must be remembered that their identity is not 
established. So &r &om this, we know the law of gra- 
•vitating force. Newton determined with surprising 
aecuracy, that the action of this power diminishes with 
the disl^ce as the universe square, ^but cohesive force is 
exerted only a,t such distances that it is impossiUe to 
determine whether or not it is subjected to the same law. 
To 'quote the words <if Young: "The whole of our 
inquiries respecting the^intimate nature of forces of any 
kind must -be conaiiered merely as speculative amuse- 
ments, which are of no fiirther utiUty than as they 
make our views more general, and assist our experi- 
-mental investigations."* 

'2" ^oini|^*« Lectures on 'Jiatisral PMhnpJiy and tike Meckmde^l 
Arts. iLcotiuoe 49^0fi Me Essential tr^etties oj Matter, 
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CHAPTER V. 

CEYSTALLOGENIC FORCES. 

Oystallisation and Molecular Force distinguished — Exppnmental 
Proof — Polarity of Particles forming a Crystal— -Difference 
between Organic and Inorganic Forms — Decomposition of 
Crystals in riature— Substitution of Particles in Crystads — 
Pseudomorphism — Crystalline Form not dependent on Che 
niical Nature — Isomorphism — Dimorphism — Theories of 
Crystallogenic Attraction— Influence of Electiicity and Mag- 
netism—Phenomena during Crystallisation— Can a change ©f 
Form take place in Primitive Atoms ? — Illustrative Example 
of Crystallisation. 

'^Crystallisation is a peculiar and most admirable 
ivork of nature^s geometry, worthy of being studied 
by all the power of genius, and the whole energy of tljc 
mind, iiot on account of the delight which always 
attends the knowledge of wonders, but because of its 
vast impoii;ance in revealing to us the secrets of nature ; 
for here she does, as it were, betray herself, and, laying^ 
aside all disguise, permits us to behold, not merely the 
results of her operations, but the very processes them 
selvss.^^ — Such is the language of an Italian philosopher,. 
Gulielmini ; and it is the striking peculiarity of behold- 
ing the process of the formation of the regular geometric 
figures of crystals, the gradual accretion of* particle to 
particle, which induces us to separate crj^stallization jfrom 
mere molecular aggregation. Without doubt the forma- 
tion of a crystal and the production of an amorphous 
block arc due to powers which bear a close resemblance 
in many points ; but they present remarkable diflferences 
^'^ others. 
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Let us take some simple case in illustration. In 
quiet water we have very finely divided matter sus- 
pended, and matter in a state of solution. The first is 
slowly precipitated, and in process of time consolidates 
into a hard mass at the bottom, presenting no particular 
character, unless it has been placed in some peculiar 
physical conditions; when, as in nature, we have a 
regular bedding which is intersected by lines of lamina- 
tion or of cleavage, which we are, from experiment, 
enabled to refer to the influence of ciurent electricitj-. 
'The second — ^the matter in solution — is also slowlv 
deposited ; but it is accumulated upon nuclei, which 
possess some peculiar disposing powers, and every par- 
ticle is united by some particular £Etce, and an angiilar 
figure of the most perfect character results. Many 
pleasing experiments would appear to show that elec- 
tricity has much to do in tiie process of crystallizatiou ; 
but it is evident that it must be under some peculiarly 
modified conditions that this power is exerted, if, indeed, 
it has any direct action. 

The same substances always crystallize in the same 
forms, unless the conditions of the crystallizing body are 
altered. It has been supposed that each particle of a 
crystalline mass has certain points or poles which possess 
definite properties, and that cohesion takes place only 
along lines which have some relation to the attracting 
or repelling powers of these poles. We shall have, 
eventually, to consider results which appear to prove 
that magnetism is universal in its influence, and that 
this polarity of the particles of matter may be referred 
to it. 

Be the cause of crystallisation what it may, it presents 
to us in appearance a near approach in inorganic nature 
to some of the peculiar conditions of growth in the 
organised creation. In one, we have the gradual pro- 
duction of parts and the formation of members due to 
peculiar powers of assimilation, each individual pre- 



52 INOBrGANIC AND OROALNIC 

ierving all its distingnishii^ futures ; aiid<m the other^ 
we have a regular order of cohesion ©ccurring under the 
influence of a power which draws like to like, and 
arranges the whole into a'form of beauty. 

This appears to be the proper place for correcting an 
error too prevalent, relative to the formation of crystals, 
the development of cells, and the yet more fatal false- 
hood of referring the great phenomena of Life to any 
of tiie physical forces with which we are acquainted. 

The Crystal ybr»i«, by the accretion of particle to 
paitii^le, along lines determined % some yet unknown 
power. There is no change in the character of any 
pactide — like cdheres to like; the first at^m and the 
knltcdf the series^being identical in character. 

(She Pjjavt ffrows, not by the gathering together of 
similar :paetioles <6f matter, but *by .tiie absoiption uf .a 
:coiiqRiaHflqpatticAe--^byr1iiati^ must bciregaxded 

a&:&b?prin]axy«nuclearatom«orcdl. 'i^lfberthisabs^tian 
— ii wiitue- of a power ^nfhich we leaUcciKB, exeitfsd into 
action by light — the compound particle iscdecomposeli, 
and one rconiltituent is retained :toBffiect the^fiDrmation 
of aiiewLC^U, viithikt'1Ji0 other isliberated.^^ aminvisiMe 
•air. ilere iwe -have a dmnge of chemical constitution 
'effed»d;'and this takes.pk^ through the whcdeperiod 
of wegetdble growth, from the^deFndopment of thctplu- 
;miite tup to^tke fiannationbf the latest leaf iq>on the 
topmost ^branch of tthd {most'iordly:.tree. 

^Lifehasibecn referred to^i^ctrieiiy and to diemical 
power-^as the i^Eect'Of a-known cause. Without doubt, 
during, the operations iof li&'the ^whc^ of the .^sysioal 
powers are necessary to the production of all the pheno- 
anonaidf growth in tkcvv^i^AUe and. the animal world. 
iBut ithese powers are ever subudiary. to vital/force, and 
^are ilike attendant ^spirits diaincdrto dD:an oenefaanter^ 



tLife^isra. force beymidtiie reach of human seardi, and. 
'fae^ho'fiuicies he has a hi^d upon Jthe principle whidi 
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produced biological phenomena, has committed Iiimaelf 
toaa wild a pursuit as he who ra^y endeavours to catch 
a morass-meteor. 

Subtile as are the forces of light, heat, and olectrioity 
— ^that of life, vitalitt^^.is infinitely more r^ned, and it 
must for er^er elude. tUe search of the philoKipher. 

Man is^ pennitted to test and try dlX thin^ wfaidi are 
created, and to apply to useful ends the discoreries whidi 
he may make. But man can never become a creator ; 
and he who wouldf attempt to give sense to an inert mass 
ofmatter, by electricity, heat, or light, will prove him- 
self as ignorant of nature's truth as is the sensdiess m&a» 
upon which he woriLs. 

'^ So £Eur ahalt thou go, and no ftirther,^' wa» said; 
equally to the : great tide*wave of human intellect^ a» to. 
the mighty sui^e of the earth-girdling oeean. 

It must not be forgotten tlmt a striking di%renoe- 
exists^ betweesi the: productions of the mineral, and* the 
otiberkii^omB of nature. Animals and v^etaMes amve 
at maturity by succeasive devdbpments, and increaK faj? 
liia' assimilation of substances, having ilie power of pro» 
ducing^ the most important cbemical changes upon audi' 
matter as oomefr within the range of their influenoe;. but 
minerais are equally jieffoct in the earliest stages of tfaeii? 
formation, and increase only,. a» previondy 8aid,.lfy/tiia' 
accretion of particles witlK)ut their undergoing! ai^ 
change. 

The animal and vegetable tribes cease to continue the 
ftmctions of life : death ensues, and a complete dismga- 
nisation. takes plaoe; but this is not the. caaie in. iiie 
mineral world:: the crystal beingr the result of a* OQn«> 
stantly acting force is^ nofe neee^arily liable to> decom* 
position. 

Nevertheless^ we sometimes find in. natose that crjw- 
talf^ after arriving atv what may be regarded as, insome^ 
sort, liidr maturity, are, owing to^a change of the. ooui- 
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ditions under which they were formed, gradually decom- 
posed. In our mines we discover skeletons of crystals, 
and within the hollow shell thus formed, other crystals 
of a different constitution and figure find nuclei, and the 
conditions required for their development. Again, to 
give a striking instance, the felspar crystals of the 
granitic formations are liable to decomposition in a 
somewhat peculiar manner. In decomposing, these 
crystals leave moulds of their own peculiar forms, and it 
not unfrequently happens, in the stanniferous districts 
of Cornwall, that oxide of tin gradually fills these moulds, 
and we procure this metalHc mineral in the form of the 
earthy one. Then we have the curious instances of 
bodies crystallising in a false form under change of cir- 
cumstances. We find, for example. Pseudomorphism, (or 
false-form), as this class of phenomena is named, occur- 
ring by the removal of the constituent atoms of one 
crystal, while another set — ^which naturally* assumes a 
different form — takes their place, yet still preserving 
the original shape. It often happens that copper pyrites 
wiU, in this manner, exhibit the angles of an orcUnary 
variety of crystallised carbonate of iron. These curious 
changes may be famiUarised by supposing a beautiful 
statue of gold, from which some skilful mechanic removes 
particle by patrticle, and so skilfully substitutes a grain of 
brass for every one of gold removed, that the loss of the 
precious metal cannot be detiected by any mere examina- 
tion of its form. 

Crystalline form is not strictly dependent upon the 
diemical nature of the parts forming the crystal. The 
same number of atoms, arranged in the same way, pro- 
duce the same form. Substances much unlike each 
other wiU assume the same crystalline arrangement. 
Magnesia, lime, oxide of cadmium, the protoxides of 
iron, nickel, and cobalt, combined with the same acid, 
present similarly formed bodies. These Isomorphic 
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{like-form) * peculiarities are exceedingly common, and 
the discoverer of the phenomena, Mitscherlich, an- 
nounced the above law. It cannot, however, be r^ardcd 
as a philosophical expression of the fact, and requires 
reconsideration — chemical elements of a dissimilar cha- 
racter may have the same law of aggregation, and thus 
produce the same form, without having any relation to 
the number of atoms. 

We also find compounds which have tvvo distinct 
systems of crystallisation. This property, Dimorphism, 
is very strikingly shown in carbonate of lime, which 
occurs in rhombohedrons, in calc spar, and in rhombic 

'.' " Gay Lussac first made the remark, that a cr}'8tal of potash . 
aluui, transferred to a solution of ammonia alum, continued to in- 
crease without its form being modified, and might thus he covered 
with alternate layers of the two alums, preserving its regularitv and 
{Mt)per crystalline figure. M. Beudant afterwards observecl that 
other bodies, such as the sulphates of iron and coi>j)er, might pre- 
-sent themselves in crystals or the same form and angles, although 
the form was not a simple one, like that of alum. But M. ^lits- 
<c]icrlich first recognised this correspondence in a sufiicient number 
of cases to prove that it was a general consequence of similarity of 
•composition in difierent bodies." — Graham's Elements of Che- 
mistry (1842), p. 130. 

The following remarks are from a paper by Dr. Hennann Kop^. 
On the Atomic Volume and Crystalline Condi ion, of Bodies, Sfc., 
published in the Philosophical Magazine for 1841 : — "' The doctrine 
of isomorphism shows us that there are many bodies which pos- 
sess an analogous constitution, and the same crystalline form. 
Our idea of the volume (or, in other words, of the cr}'stalline form) 
of these bodies must therefore be the same. From this it follows 
that their specific weight is connected with mass contained in the 
same volume. From these considerations the following law may 
be deduced : The specific weight of iso^norphous bodies is propor- 
tional to their atomic weighty or isomorphous bodies possess the same 
'atomic volume.^ — page 255. A translation appeai-s in the Caven- 
dish Society, from Dr. Otto*s Chemistry, On Jsomorphismy which 
may be advantageously consulted. See also a paper by M. Hose, 
translated from the Proceedings of the Royal Berlin Academy for 
the Chemical Gazette, Oct. 1848, entitled, On the Isomeric Condi- 
iions of the Peroxide of Tin, 
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prisms in arragonite. The molecular arrangements here* 
are not, however, of equal stability, and one form is 
evidently forced upon the other, and is abandoned by it 
on the slightest disturbance. When: a prism of arra- 
gonite is heated it breaks up into the rhombs of common 
calc spar, at a temperature far below that at which the 
carbonate of lime is decomposed ; but no alteration of 
temperature can convert calc spar into arragonite. 

Crystals are found in the most microscopic character,, 
and of an exceedingly large size. A-^crystcdof quartzat 
Milan is liree feet and a quarter long, and five feet and 
a. half in circumference, and its weight is 870 pounds. 
Beryls have been found in New Hampshire measuring 
four feet in length.* 

In the dark recesses- of the earth, where the influences 
which produce organisation and life cease to act, a. 
creative spirit still pursues its never-ending, task of giving:, 
form- to matter. 

The science of crystallogeny,t embracing the theoreti-^ 
cal and practical question of the causes producing these 
geometric forms, has in various ways attempted to ex- 
plain the laws according to which molecules arrange 
themselves on molecules in perfect order, giving rise to- 
a rigidly correct system of architecture. BUt it cannot 
be said that, any theory yet propounded is suflSciently 
exact to embrace the whole of the known phenomena, 
and the questions, — ^What is orystallogenic attraction,.- 
and what is the physical nature of the idtimate particles 
of matter, r— are still open for the inquiries of that 
geniu& which delights in wrestling with the secrets of 
nature. 

* A System of Mineralogy y comprising the most recent discoveries^ 
by James D. Dana, A.M., New York, 1844. 

f Crystal! ogeny, or the formation of crystals, is the term em- 
ployed by Dana, in his admirahle work' quoted above: whose 
remarks on Theoretical Crystallogeny, p. 7J, are well worthy of all 
attention 
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He great Epicurus speculated on the " plastic nature^' 
of atoms^ and attributed to this nature the power tbejr 
possess of arranging themselves into symmetric forms. 
Modem philosophers satisfy themselves with attraction^ 
and^ reiasoning from analogy^ imagine that each atom 
has a polar system. 

Electricity, and light, and heat, exert remarkable 
powers, and accelerate or retard crystallisation according 
to the conditions under which these forces are brought 
to bear on the crystallising mass. We have recently 
obtamed evidence which appears to prove that some form 
of magnetism has an active influence in determining the 
natural forms of crystals, and we disoover that magnetism 
exerts a peculiar influence in relation to the optic axes of 
crystals, which is not exerted in lines at right angles to 
these. Electricity appears to quicken the process of 
crystalline aggregation — ^to collect more readily together 
those atoms which seek to combine — ^to bring them all 
within the limits of that influence by which their sym- 
metrical forms are determined ; and strong evidence is 
now afforded, in support of the theory of magnetic 
polarity, by the refined investigations <^ Faraday and 
Pliicker, which prove that magnetism has a direotinff 
influence upon crystalline bodies^.* 

It has been found that crystals of sulphate of iron, 
slowly forming from a solution which has been placed' 
within the range of suflSciently powerful magnetic force, 
dispose themselves along certain magnetic curves, such 
as are formed around'a magnet by steel filings ; whereas 
the crystals of the Arbor Dianse, or silver tree, forming 

-'fi On the Magnetio Relatione of the Positive and Negative Optie 
Awes qf^Crystais, by Professor Pliioker, of BoniL — Philosophical 
Magazine, No. 231 (3rd Series), p. 450. Experiwuental Beeearehee^. 
on Electricity; On the Crystalline Polarity of Bismuth andi other 
bodies, and' on its RelaiUm to tke Magnetic form of Forcez by; 
Michael Faraday, Esq., F.B.S.>^Tran8a€tioiiftof the Royal Sooiety- 
for 1848 
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under the same circumstances, take a position nearly at 
right angles to these curves. Certain groups of crystals 
have been found in nature, which appear to show, by 
their positions, that terrestrial magnetism has been active 
in producing the phenomena they exhibit; indeed, 
nearly all our mineral formations indicate the influences 
of this, or some similarly acting power.* 

During rapid crystallisation, some salts — as the sul- 
phate of soda, boracic acid, and arsenious acid crystallis- 
ing in muriatic acid — exhibit decided indications of 
electrical excitement ; light is given out in flashes. We 
have evidence that crystals exhibit a tendency to move 
towards the light, and that crystalUsation takes place 
more readily, and progresses with greater activity in the 
sunshine than in the shade. Professor Plucker has 
recently ascertained that certain crystals — ^in particular 
the cyanite — "point very well to the north, by the mag- 
netic power of the earth only. It is a true compass 
needle ; and, more than that, you may obtain its decli- 
nation." We must remember that this crystal, the 
cyanite, is a compound of silica and alumina only. This 
is the amount of experimental evidence which science has 
afforded in explanation of the conditions under which 
nature pursues her wondrous work of crystal formation. 
We see just sufficient of the operation to be convinced 
that the luminous star which shines in the brightness of 

* In the Memoirs of the Geological Survey of the United King- 
dom^ and of the Museum of Economic Geology, vol. i. 1846, will be 
found a paper, by the author of this volume, On the Influences of 
Magnetism on Crystallisation, and other Conditions of Matter, in 
which the subject is examined with much care. See also MagnSt 
isme polaire d^une montagne de Chlorite schisteuse et de Serpentine : 
Annales de Ghim'ie, vol. xxv. p. 327 ; Influence du Magnktisme sur 
Us actions chimiqueSj by 1' Abbe Eendus ; and also a notice of the 
experiments of Ititter and Hansteen, " Analysees par M. (Ei*sted; " 
also Effets du Magnistisme terrestre sur la precipitation de V Argent^ 
observis par M. Aluschman: Annales de Chimie, vol. xxxviii. p. 
196—201. 
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Heaven, and the cavern-secreted gem, are equally the 
result of forces which are known to us in only a few of 
their modifications. 

Every substance, when placed under circumstances 
which allow of the free movement of its molecules, has 
a tendency to crystalHse. All the metals may, by slowly 
cooling from the melting state, be exhibited with a crys- 
talline structure. Of the metallic and earthy minerals, 
nature fiimishes us vriih an almost infinite variety of 
crystals, and, by a reduction of temperature, yet more 
simple bodies assume the most symmetric forms. Water, 
in the conditions of ice and snow, is a familiar and beau- 
tiful example ; and, by such extreme degrees of cold as 
are artificially produced, many of the gases exhibit a 
tendency to a crystalline condition. 

May not the solid elementary atoms be susceptible of 
diange of form under diflferent influences? May not 
the diflferent states imder which the same bodies are 
found — as, for example, silica, carbon, and iron — ^be due 
entirely to a change in the form of the primitive atom ? 

Admitting the probability of this, we then easily see 
that the central molecule, formed of an aggregation of 
such atoms, uniting by particular faces, woidd present a 
determinate form ; and that the resulting crystal, a mass 
of such molecules, cohering according to a given law, at 
certain angles, would present such geometric figures as 
we find in nature, or produce in our laboratories, when 
we avail ourselves of processes which nature has taught 
us. 

If we take a particle of marble, and place it in a large 
quantity of water acidulated with sulphuric acid, it 
dissolves, and a new compound results. The marble 
disappears — ^the eye cannot detect it by form or colour : 
the acid also has been disguised — ^the taste discovers 
nothing soxu* in the flufd. We have, in combination 
with the water, the lime and sulphuric acid ; but that 
■combination appears to the eye in no respect diflTereut 
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from the water itself. It is colourless and perfeetlj^ 
transparent^ although it holds a mass of solid matter 
which previously would not allow of the penneation of 
a I'ay of light. Let us expose this fluid to such circum- 
stances that the water will slowly evaporate,, and we 
shall find forming in it, after a time, microscopic par- 
ticles of solid, l^t-refracting matter. These particles 
gradually increase in size, and we may watch their 
growth until eventually we have a symmetric figure, 
beautifully shaped, the primary form- of which is a right 
rhomboidal prism. Thus in nature, by the action, in 
all' probability^ of vegetable matter on the sulphates held 
in solution by the water of the great rivers and the 
oeean^— aided by our oxidizing atmosphere — sulphuric 
acid is produced to do its work upon the limestone for^ 
mations, and from this combination would result the 
well-known gjrpsum, or plaster of Baris, which ordi*- 
narily exists as sm amorphous mass> but is often found 
in a crystalline form** 

This is- a very perfect illustration of the wonderful 
process we have been consideiing, and in which, . simple 
though it appears to be,, we have set to work a large 
jiroportion of. the known physicd elements of the 
imiverse. By studying aright: the result which we have 
it. in^ our power to obtain in a watch^aas, we may 
advance anr knowledge of gigantic phenomena, which 
axe now-progresfflng at the bottom of the ocean, or of 



* Th& transpaarentiTBrieties of sulphate of lime are distinguished 
1^ the name Selenite;. and the fine massive, varieties are called 
Atakaster. Gypsum forms very extensive beds in secondaiy 
countries, and is fbund in tertiary deposits; occasionally, in 
primitive' rocker it is also a product. of volcanoes: Tbe:^est' 
iCHffi^pi specimens are found in the salt mines of Bex, in>Switzer* 
land-; at Hall, in the Tyrol; in the sulphur-mines of Sicily; and 
in the gypsum formation near Ocana, in Spain. In England, the 
clay of Shotover Hill, near Oxford, yields the largest crystais: — See- 
'QtSktlsWnerakfgyt second edition, p. 241. 
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the wondrous agencies which are in operation, producing 
light-refracting gems within the secret recesses of the 
rocky crust of our globe. 

The force of crystallisation is a subject worthy of 
much consideration. If we examine our slate rocks, 
through which little veins filled with quartz crystals 
are spread, we shall see that the mechanioal force 
exerted during the production of these crystals has 
been capable of rending those rocks in every direc- 
tion. Those fissures formed by the first sytsem of crystal- 
line veins, in order of time, are filled in by another set 
of crystalline bodies, which equally exert their mechani- 
cal, power, and thus produce those ciurious intersections 
and dislocations which were long a puzzle to the geo- 
logist. Tbe simplest power, slowly and constantly 
acting through a long period of time, may become 
sufficient, eventually, to rend the Andes from base to 
«ummit, or to lift a new continent above the waters of 
the ocean. 
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CHAPTER YI. 

HEAT SOLAR AND TERRESTRIAL. 

olar and Terrestrial Heat— Position of the Earth in the Solar 
System — Heat and Light associated in the Sunbeam — 
Transparency of Bodies to Heat — Heating Powers of the 
Coloured Rays of the Spectrum— Undulato^ Theory — 
Conducting Property of the Earth*s Crust— Convection — 
Radiation — Action of the Atmosphere on Heat Rays — 
Peculiar Heat Rays — Absorption and Radiation of Heat by 
dissimilar Bodies — Changes in the Constitution of Solar 
Beam — ^Differences between Transmitted and Reflected Solai* 
Heat — Phenomena of Dew — ^Action of Solar Heat on the 
Ocean — Circulation of Heat by the Atmosphere and the 
Ocean — Heat of the Earth — Mean Temperature — Central 
Heat — Constant Radiation of Heat Rays from all Bodies — 
Thermography — Action of Heat on Molecular Arrangementa 
— Sources of Terrestrial Heat — Latent Heat of Bodies — 
Animal Heat — Eremacausis — Spheroidal State Cold — 
Condensation — Freezing — Theories of Heat— Natural Phe- 
nomena—and Philosophical Conclusion. 

We receive heat from the sun, associated with light ; and 
we have the power of developing this important principle 
by physical, mechanical, and chemical excitation, from 
every kind of matter. Our convictions are, that the 
calorific element, whether derived from a solar or a 
terrestrial source, presents no essential difference in its 
physical characters ; but as there are some remarkable 
peculiarities in the phenomena, as they arise from 
either one or the other so\irce, it will assist our compre- 
hension of this great principle, if we consider it under 
the two heads. 

Untutored man finds health and gladness in the 
warmth and light of the sim ; he rears a rugged altar^ 
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and bows his soul in prayer, to the principle of fire, 
which in his ignorance he regards as the giver and the 
supporter of life. The philosopher finds life and organi- 
zation dependent upon the powers combined in the 
sunbeam; and, examining the phenomena of this 
wonderful band of forces, he is compelled to acknow- 
ledge that the flame upon the altar — on the*Persian 
hills, — ^was indeed a dim shadow of the infinite wisdom 
which abides behind the veil. 

The present condition of our earth is directly depen- 
dent upon the amount of heat we receive firom the sun. 
It has firequently been said, that if it were possible to 
move this planet so much nearer that orb that the 
quantity of heat would be increased, the circumstances 
of life would necessarily be so far changed, that all the 
present races of animals must perish; and that the 
same result would happen firom any alteration which 
threw us yet further from our central luminary, when, 
owing to the extremity of cold and the wretchedness of 
gloom, all living creatures would equally fail to support 
their organization. 

To move the earth nearer to, or more distant firom 
the sun, is an impossibifity ; but it has been argued 
that those planets which are near to the sun must pos- 
sess a temperature which wovdd melt our solid rocks, 
and vaporize the ocean, — ^whUe Uranus and Neptune 
must, from their distance firom the source of heat, have 
so small an amount, that water must become solid as- 
the rock, and such an atmosphere as that of the earth 
exist as a dense liquid. 

It will be shown that according to the physical con- 
dition of the material substances, so are their powers regu- 
lated of absorbing and retaining the heat which falls as a 
radiant power upon their surfaces. Heat rays, in passing 
through the attenuated medium of planetary space, lose 
none of their power — ^this we know from the fact that even 
the less dense upper region of the earth's atmosphere 
takes from the solar rays but an exceedingly small 
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quantity of heat. Therefore, whether a sdar heat ray 
trayenaes through jone million, or one hundred million 
miles of space, it still retains its power equally of 
imparting wannth to the «olid matter Ify whieh'it 
is ?intercepted. There ds no law of variation as the 
intense square of the distance of those radiating powers. 
GoiMequently, there is no Teason why the physical con- 
ditions, alike of the nearest and the most remote 
planetary bodies, should not be so adjusted that they all 
enjoy that life promoting temperature which bdion^ to 
the earth. 

All the oli^ects around us are adapted to the circum- 
stances of the earth's position in relation to the sun, to 
which we are bound J^ -the prineij^e of gravitation; 
opposedito that oeiltrEfi^gal force which tends constantly 
to driye the moving '^aoBtary mass off from tthe centre 
off ower. '.(Biebalanee/maintaiiis its perfect equihbrium, 
althou|^ we have one power jeonstantly drawixig .the 
^6ax&. towaxds the sun, and the « other as constantly 
ioxertmg itself to ;inove it off into space. at a tangent to 
the orbit in which the planet moves. In our examina- 
iioniit wiU.be found that one eommon system of haimony 
xmss dhrough all tthe cosmidal phenomena, by which 
^^everything is produced that is so beauti&l and joyous in 
this* world. 

Jljeat, and the jdther elementary radiant principles, 
.^are often combined as the common (cause. of efiEects 
^evident io our senses. The warmth of vthe solar rays, 
and their himinous linfluenee, are not, however, com- 
monly associated in the mind as the results of a 
single cruise. It is only when we come to examine "the 
.pl^ioal phenomena ^eonnieeted with these radiations 
:that we discover the <compl0xi^< of the inquii^. Yet it 
is.outiof these rve!iy subtle researches ihat we draw.the 
-most refined trutl^. The! high inferences to which ihe 
^malysisjof the -subtile. agencies of creation leads us, 
txemter iscienoe, pursued in the spirit of truth,«a ^gxeat 
system .of religiousdnstruction. 
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Although we do not fear that heat and light can be 
confounded in the mind^ so different are their pheno- 
mena^ — ^we have heat rays, as from dark hot iron, 
which give no light, while in the full flood of the lunar 
rays the heat is scarcely appreciable by the most delicate 
instruments ; — ^yet it is important to show how far these 
two principles have been separated from each other. 
Transparent bodies have varied powers of calorific trans- 
parency, or transcalescence : some obstructing the heat 
radiated from bodies of the highest temperatures almost 
entirely even in the thinnest layers; whilst others will 
allow the warmth of the hand to pass through a thickness 
of several inches. Liquid chloride of sulphur, which is of 
a deep red colo^, will allow 63 out of 100 rays of heat 
to pass, and ly^ solution of carmine in ammonia, or glass 
stained with oxides of gold, or copper, rather a greater 
number; yet these transparent media obstruct a large 
quantity of hght. Coloiirless media obstructing scarcely 
any Ught, wiU, on the contrary, prevent the passage of 
calorific rays. Out of every huncked rays, oil of turpen- 
tine will only transmit 31, sulphuric ether 21, sulphuric 
acid 17, and distilled water only 11. Pure flint glass, 
however, is permeated by 67 per cent, of the thermic rays, 
and crown glass by 49 per cent. The body possessing 
the most perfect transparency to the rays of heat is diapha- 
nous salt-rock, which transmits 92, while alum, equally 
translucent, admits the passage of only 12 per cent.* 

* The followiDg table of the rays penetititing coloured glass has 
been given by Melloni, in his mornoir On the Free Transmission qf 
Radiant Heat through Different Bodies : — 



Deep violet ... 53 

Yellowish red (flaked) . 53 

Purple red (flaked) . 51 

Vivid red ... 47 

Pale violet ... 45 

Orange red . . 44 

Clear blue . . . 42 



Deep yellow . 
Bright yellow 
Golden yellow 
Deep blue 
Ap|»e green . 
Mineral gi'een 
Very deep blue 



Translated in the Scientific Meuwii's, v^l. i. p. 



30. 



40 
34 
33 
33 
26 
23 
19 
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Black mica^ obsidian^ and black glass^ are nearly 
opaque to ligfat^ bnt they allow 90 per cent, of radiant 
lieat to pass tiirougb tbem ; whereas a pale green glass^ 
coloured by oxide of copper,* covered with a layer of 
water, or a very thin plate of alum, will, although 
perfectly transparent to light, ahnost entirely obstruct 
the permeation of heat rays. 

* " 'the physical characters of this species of glass, which 
acts 80 difiereutiy irom the other spcies of coloured glass in alii 
the phenomena of calorific ahsorption, are, 1st, its intercepting 
almost totally the rays which pass through alum ; 2nd, its entirely 
ahsorhing the red rays of the solar specti'um. I have already 
stated that their, colouration is produced almost entirdy hy the 
oxide of copper. 

"Thus, the colouring matters of the coloured glasses, while 
they so powerfully affect the relations of quantity which the dif- 
ferent rays of ordinary liglit bear to each other, exercise no elec- 
tive action on the concomitant calorific rays. This curious 
phenomenon is the more remarkable as the colouiing ma;tters 
absorb almost always a very considerable portion of the heat 
naturaUy transmitted by the glass. Tha following are, in fact, the 
calorific transmissions of the seven coloured glasses refen*ed to ; 
the transmission of the common glass being represented by 
100; red glass, 82-5; orange, 725; yellow, 55; bluish-green, 
57.5; blue, 52*5; indigo, 30; violet, 85. The quantity of 
heat absorbed through the action of the colouring substances is, 
therefore, 17.5 in the red glass, 27.5 in the orange, 45 in the 
yellow, 42*5 in the green, 47*5 in the blue, 70 in the indigo,, 
and 15 in the violet. Now, as these absorptions extinguish a 
proportional part of each of the rays which constitute the calo- 
rific stream transmitted by common glass, they may be compared^ 
as we said before, with the absorbent action exercised on light 
by matters more or less deeply brown or dark, when they ai'e* 
immeraed in water, or some other colourless liquid which dis- 
solves, but does no* affect them chemically." — Annates de Chimie 
€t de Physique, tom. xl. p. 882. 

Guided by these pnnci]^0s, the author selected the glass 
employed in glazing the Bc^al Palm-House, at Kew Botanical 
Gardens, where it was desired to obstruct the passage of those 
rays which have a particular scorching influence. Of this glass 
a description was given at the meeting of the British Association 
at Oxford, which appears in the Transactions for that year. The 
result has been all that could be desired — not a single instance of 
scorching having occurred duringtbe three years which have elapsed. 
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We thus arrive at the fact that heat and light may Ix; 
fleparated from each other ; and if we examine the solar 
h&Lia by thiat analysis which the prism affords^ we shall 
find that there is no correspondence between intense 
light and aident heat. By carefnl observation, it has 
been piOYed, when we haye a temperature of 62^ F. in the 
yellow ray, which ray has the greatest illuminating power; 
tibAt bdow the red ray, out of the point of visible light, 
thetooaperature isfoundtobe 7^, while at the other end 
of the spectrum, in the blue ray, it is 56°, and at the end 
of the violet ray no thermic action can be detected.* 

From the circumstance, that as we, by artificial 
means, raise the temperature of any body, and produce 
intense heat, so after a certain point of thennic elevation 

"i: In the PhBoMopkical Transactions, vol. xc, tlie foUowing 
papers, by Sir William Herschel, may be consulted : — . 

investigatum qf the powers qf the prismatic colows to heat and 
Hhtminate objects', with remarks thai prove the dijferent re- 
fran^SbiMN of radumt heat. To which is added, an inqtdry into 
the method ^ viewing the sun advantageously, unth teUscopes qf 
large apeftwres and high magnifying powers^ p. 255. Experi' 
meuts on the rtfrangibilitg of the invisihle rays qf the mn, p. 284. 
Experiments on the solar and on the terrestrial rays that ocea- 
sion heat; with a comparative view of the laws to which Ugkt 
and heat, or rather the rays which occasion them, ere snbfeot, m 
arder to determine whether they are the same or d^erent, 
pp. 29^ 437. 

In conneetion with this inquiry, Sir William Herschel remarks, 
Ibat since a red glass stops no less tha^ 692 out of 1,000 suoli 
rays as are of the refrangibility of red light, we have a d^ot 
and simple proof, in the case of the red glass, that the rays of 
light fure transmitted, while those of heat are stopped, and that 
thus they have nothing in common but a certain equal degree of 
refrangibility, which by the power of the ^lass must occasion 
them to be thrown together into the place which is pointed out to . 
us by tiie visibility of the rays of light 

On the same subject, a Memoir, by Sir Henry £nglefield, in 
the Journal of the Boyal Institution for 1802, p. d02, «nay 
be consulted ; and Researches on Light, by the Author. 
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has been obtained, we occasion a manifestation of light J^ 
It has been concluded, somewhat hastily, that heat and 
light differ from each other only in the rapidity of the 
undulations of an hypothetical ether. 

It must be admitted that the mathematical demon- 
strations of many of the phenomena of calorific and 
luminous power are sufficienlty striking to convince us 
that a wave-movement is common to both heat and 
light. The undulatory theory, however, requires the 

* Dr. Draper, On the production of light by heat, in the Phil. 
Mftg. for 1847. 

Sir Isaac Newton fised the temperature at which bodies be- 
come self-luminous at 635° ; Sir Humphry Davy at 812** ; Mr. 
Wedgewood at 947°; and Mr. Daniell at 980°; whilst Dr. 
Draper from his experiments gives 977°; and Dr. Kobinson 865®. 

In a review of the above paper by Melloni, entitled Researches 
on the Radiations of Incandescent Bodies, and on the Elementary 
Colours qf the Solar Spectrum, translated for Silliman's Journal 
for August, 1847, he remarks : — 

•* I say that they conduct, as do others heretofore known on 
light and radiant heat, to a perfect analogy between the g^eneral 
laws which govern these two great agents of nature. I will add 
that I regard the theory of their identity as tho only one admis- 
sible by the rules of philosophy; and that I consider myself 
obliged to adopt it, until it shall have been proved to me that 
there is a necessity of having recourse to two different princi- 
ples, for the explanation of a series of phenomena which at pre- 
^nt appear to belong to a solitaiy agent.'' 

Reference should also be made to a paper by Dr. Kobinson, 
On the effects of Heat in lessening the 4^ii»7i>« qf the Elements 
of Water, in the Transactions of the Koyal Irish Academy, 
1848, where he says that " when a platinum wire is traversed by 
a current gradually increased till it produces ignition, the first 
gleam that appears is not red, but of a colour which, when I 
first saw it, I compared to the * lavender ray* discovered by Sir 
John Herschel beyond the violet, though I was sui'prised at 
seeing the tint of that most refrangible ray preceding the ray 
. which is least so. It is quite conspicuous at about 865^ ; and 
as the mode in which it makes its appeai*ance presents nothing 
abrupt or discontinuous, it seems likely that it is merely a 
transition from invisible rays excited at a lower temperature 
to ordinary light."— p. 310. 
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admission of so many premises of which we have no 
proof; its postulates are^ indeed^ in many cases so 
gratoitons^ that notwithstanding the array of talent 
which stands forward in its support^ we must not allow 
ourselyes to be deceived by the deductions of its advo- 
cates^ or dazzled by the brilliancy of their displays of 
learning. 

• Badiant heat appears to move in waves ; but that 
calorific effects in material bodies are established by any 
system of undulation^ is a deduction without a proof ; 
and the thermic phenomena of matter are as easily ex- 
plained by the hypothesis of a diffusive subtile fluid. 

We have not, however, to prove the correctness of 
either of the opposing views ; indeed, it is acknowledged 
that many phenomena require for their explanation 
conditions which arc not indicated by either theory. 

The earth receives its heat from the sun ; a portion of 
it is conducted from particle to particle into the interior 
of the rocky crust. Another portion produces warmth 
in the atmosphere around us, by convection, or the 
circulation of particles ; those warmed by contact with 
the surface becoming lighter, and ascending to give 
place to the colder and heavier ones. A third portion is 
radiated off into space, according to laws which have 
not been sufficiently investigated, but which are depen- 
dent upon the colour, chemical composition, and mecha- 
nical structure of the siurface. 

It canHot but be instructive to contemplate the 
indications which we have of the dependence of all that 
is beautiful on earth, on the heat and light radiations 
which we receive from the sun. Let us endeavour to 
realise some of the effects which aiise from even the 
temporary deprivation of solar heat. 

It is winter, the vegetable world appears chilled to its 
centre. The trees, except a few of the hardy evergreens, 
are bare of leaves, and stretching forth their branches 
into the cold air, they realise tlic condition of vegetable 
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skeldxms. The lowly plaats of the hedge-row^ and the 
grasses of the field^ show that their vital power is subdued 
to that TniuiTnuTn d^ree c£ action which is but a few 
slight r^Qioyes £foni death. The life of the running 
stream is suspended, it is cased in the ^^thick-ribbed 
ice/^ and the waters beneath no longer send forth their 
joyous music to the genial breeze. Even within the 
temperate limits of our own land^ ihe aspect of winter 
convinces the ordinary observer^ that the loss of heat 
has been followed by diminished activity in the powers 
of life ; and the philosopher discovers that the lessened 
enei^es of solar lights and the weaker action of the 
radiant heat, have aided in producing that repose which 
is a little more than sleep — ^a little less than death. 

It is nighty and winter : the earth is parting with its 
heat^ — with the absence of lights there is a still greater 
loss of vigour^ a yet further duninution of the powers of 
life. Even the animal races, sustained by vital influ- 
ences of a more exalted kind, sink under the temporary 
deprivation o£ the solar rays to a monotonous, a melan- 
choly repose. All animals undergo different degrees of 
hybernation, and each in his winter retreat supports 
vitality by preying upon himself. The world is hung in 
mourning Mack ; there is no play of colours to harmonize 
the human spirit by sending their ethereal pulsations to 
the human eye, and it is only the ccmsdousness that 
when the night is at the darkest, the day is nearest, 
that even man^s soul is sustained against the depressing 
mfluences of the absence of the sun. 

Hie conditions which we must observe at our own 
doors cannot fail to convey as a conviction to the least 
imaginative mind, that a sightly prolonged continuance 
of darkness, with its consequent increase of coldness, 
would be fiatal to the existence of the organic world. 

The sun has entered Aries : it is spring. The length 
of the day and night are equal, the powers of light and 
darkness are now exactly balanced against each other. 
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iand lights like the Archangel^ triumphs over the sombre 
sqpiiit. The organic world awakes. Chemical action 
commences in the seed^ the vital spark is kindled in the 
^mfazyo^ and under the impulsive force of some solar 
radiations the plant struggles into light and life. The 
.aame invigorating force impels the circulation of the sap 
through the capillary tubes of the forest tree^ until the 
topmost branch trembles with the new flow of life. The 
buds burst forth into leaf^ and a fresh and lively covering 
«pareads over those branches which^ in their nakedness^ 
could scarcely be distinguished from the dead. 

The animal races are no less sensible of the new 
influence which is diffiised around. The birds float 
'joyously upon the breeze, and give to heaven their 
tnlling songs of praise. The beasts come forth from 
the didbs of the rocks and the tangled shelters of the 
forestoy and gambol in the fidl luxury of their renewed 
vigour. Man, even man, the inhabitant of cities, 
trained and tempered to an artificial state, awakes of a 
lapring morning with a fuller consciousness of mind, and 
4i deeper and more pleased sense of his intelligence, 
than when the fogs and gloom of winter hung like the 
•charmed robe upon the hmbs of the giant. Now, the 
•dormant poetry of man seeks expression. As the 
morning sun is said to have awakened the musical un- 
-dolations of the Memnonian statue, so the sun of the 
vernal morning produces in the mind of the most 
earthly^ faint pulsations of that heaven-bom music, which 
neither sin nor sorrow can entirely destroy. The psy- 
chologist, in studying the peculiar phenomena of the 
human mind, must associate himself with the natural 
philosopher, and learn to appreciate the influence of 
physicid causes in determining effects which our elder 
philosophers and the poets of every age have attributed to 
:spiritual agencies. 

Summer, with its increased heat and light, reigns over 
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the land. The work of life is now at its maximum^ and 
every energy is quickened throughout the organic 
creation. The laws of nature are arranged on the 
principle of antagonistic forces, the constant struggle to 
maintain them in equilibrium constituting the sensible 
phenomena of existence. Heat and light, with chemical 
power and electricity, have been quickening the un- 
known principle of fife, until it has become exhausted 
in the production of new parts — in the strange pheno- 
menon of growth — ^the formation of organized matter 
from the inorganic stores of creation. 

The autumn, with its tempered sunUght, comes, but in 
the solar radiance we discover new powers, and under ^ 
the influence of these the flower and the fruit have' 
birth. The store of a new life is centered in the seed, 
and though the leaf falls, and the flower fades, a new set 
of organisms are produced, by which the continuance of 
the species is secured. 

Let any man examine himself as the seasons change, 
and he will soon be convinced that every alternation of 
ight and darkness, of heat and its absence, produces new 
sets of influences equally on the mind and on the body, 
showing the entire dependence of the animal and 
vegetable kingdoms upon those causes which appear to 
flow from the centre of our planetary system. 

The phenomena which connect themselves with the 
changes of the seasons cannot fail to convince the most 
supe^cial thinker that there is an intimate connection 
between the sun and the earth which deserves our close 
attention. 

Indeed, if we examine the most ancient of histories, 
we find one great fact at the base of all their philoso> 
phies. Moses connects darkness with a void and formless 
earth, and light with the creation of harmony and life. 
Menis sings of a fearful world by "many formed dark- 
ness encircled,^^ atid links the idea of a " life-breathing 
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cdrauty" with the awakening of light upon created 
tbings. The Egyptian Isis, the Grecian Apollo, who, 

The Lord of boundless light 

Ascending calm o'er the empyrean »ails, 

And with ten-thousand beams his awlul beauty veils, 

the fire-worshipper of the Persian hills and the sun- 
god of the Peru^dan mountains, exhihit, through time 
and space, the full consciousness of man to the influences 
of solar light and heat upon the organic creations of 
which he is himself the chief exemplar. 

The investigations of modern philosophers have ex- 
tended these influences to the inorganic masses which 
constitute the Planet Earth : — and we now know that 
the physical forces, ever active in determining the 
chemical condition and the electrical relations of matter, 
are directly influenced hy the solar radiations. 

Pew things within the range of our inquiry are more 
striking than the phenomena of calorific radiation and 
absorption. They display so perfectly the most refined 
" system of order, and exhibit so strikingly the admirable 
adaptation of every formation to its particular con- 
ditions, and for its part in the great economy of being, 
that they claim most strongly the study of all who would * 
seek to discover a poetry in the inferences of science. 

Owing to the nature of our atmosphere, we are pro- 
tected from the influence of the full flood of solar heat. 
The absorption of caloric by the air has been calculated 
at about one-fifth of the whole in passing through a 
column of 6,000 feet. This estimate is, of course, made 
near the earth's surface > but we are enabled, knowing 
the increasing rarity of the upper regions of our gaseous 
envelope in which the absorption is constantly diminish- 
ing, to prove, that about one-third of the solar heat is 
lost by vertical transmission through the whole extent of 
our atmosphere.* 

* In the Bakerian Lecture for 1842, On the transparency of tlie 
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Experieuee has proved that the conditions of the 
snn^s rays are not always the same ; and there are few 
persons who have not observed that a more than usual 
scorching iofluence prevails under some atmospheric 
circumstances. This is also evidenced in the effects 
produced on the foliage of trees, which, though often 
attributed to dectricity, is evidently due to heat. An 
examination of the solsor radiations, as exhibited in the 
prismatic spectrum, has jH*oved the existence of a class 
of heat rays, which manifest themselves by a very pecu- 
liar deoxidizing power quite independent of their caloric 
properties, to which the name of parathermie rays 
has been given.* We are protected from the severe 

Atmoaphere, and the law of extinction of the solar rays in pasnng 
through it, by James D. Forbes, Esq., F.B.S., &c., ^iU be found a 
most complete Investigatioii of tbis subject 

The experiments were, for the most part, made in Switzerland 
mth Sir John Herschel's actinometer, and they prove satis- 
factorily, — ** That the absorption of the solar rajs by the strata 
of air to which we have immediate access^ is considerable in 
amount for even moderate thicknesses/' 

* After referring to several curious and instructive experiments, 
, in which peculiar chemical changes are produced under the influ- 
ence of the solar rays by their Heat, Sir John Herschel says : — 

" These rays are distin^shed from those of Light by being 
invisible ; they are also distinguished from the pure calonfic rays 
beyond the spectrum, by their possessing" properties (of a peculiar 
character^ referred to in former papers) either exclusively of the 
calorific rays, or in a much higher degree. They may perhaps not 
improperly be regarded as bearing the same relation to the calorific 
spectrum which the photographic rays do to the luminous one& 
If the restriction to these rays of the term thermic, as distinct 
from calorific, be not (as I think, in fact^ it is not) a sufficient 
distinction, I would propose the term parathermie rays to designate 
them. These are the rays which I conceive to be active in pro- 
ducing those singular molecular affections which determine the 
precipitation of vapours in the experiments of Messrs. Draper, 
Moser, and Hunt, and which will probably lead to important dis 
coveries as to the intimate nature of those forces resident on the 
surfaces of bodies, to which M. Dutrochet has given the name of epi- 
polic forces.*' — On certain improvements in Photographic Processes, de- 
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'cAscts of these rays by the ordimxry state of the medium 
tkfoogh which toe solar heat passes. Our atmosphere 
is a mixture of gases and aqueous vapour ; and it has 
been foond, as abready stated^ that even a thin fihn of 
mter^ however transparent^ prevents the passage of many 
eflilorific radiations^ and the rays letarded are^ for the 
BKMit part^ of that dass which have this peculiar scorch- 
ing power. The air is^ in this way^ the great equaliser 
of tiie solar heat^ rendering the earth agreeable to all 
animals^ who^ but for this peculiar absorbent medium^ 
would have to endure^ even in our temperate dime^ the 
burning rays of a more than Afirican sun. 

Tbe suil&ce of the earth during the sunshine — and^ 
tliou^ in a less degree^ even when the sun is obscured 
hy ^Nids — ^is constantly receiving heat ; but the rate of 
ite absorption varies. Benjamin Franklin showed^ by a 
set of simple but most conclusive experiments^ that a 
piece of black cloth was warmed much sooner than cloth 
of a lighter colour;* and we know, firom observations 
€i a similar dass, that the bare brown soil receives heat 
more readily than the bright green grassy carpet of the 
earth. Consequently, during the winter season, rela- 

seribedw a former communieatum (Phil. Trans. toI. exxxiii.); and 
On tk& Parkthermie Rays of th» Solar Speetrttm, Phil. Trans, vol. 
Gxzxiv. 

The experiments of Mrs. Somerville, On the Action (fthe Rayt 
-qf the Spectrum on Vegetable Juices (Phil. Transactions, vol. 
cxxxTi!.), appear to connect themselves "with this particular class 
of ravs in a curious manner. 

* Experiments on the influence of heat on differently-coloured 
bodies were first made by Dr. Hooke ; and it was not until long 
after that Franklin made his ingenious experiments. Davy exposed 
to sunshine six equal pieces of copper, painted white, yellow, red, 
green, blue, and black, in such a manner that one side only was 
illuminated, To the dark side he attached a bit of cerate, ascer- 
tained by experiment to melt at 700. The cerate attached to the 
black hecame fluid first, the blue next, then the green and red, and 
lastly the yellow and white. — Beddoes*s Contributions to Physical 
Knowledge, and collected works of Sir Humphry Davy, vol. ii. p. 27. 
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lively to the quantity poured from its source, more heat 
penetrates the uncovered soil, than during the spring 
or summer. 

Tli^re is a constant tendency to an equilibrium; and,, 
during the night, the surface is robbed of more heat, by 
the colder air, than by day ; as, when the earth is not re- 
ceiving heat, it is constantly radiating it back into space. 
Even in these processes of convection and radiation, a 
similar law prevails to that which is discovered in examin- 
ing into the rate of calorific absorption. 

Every tree spreading its green leaves to the sunshine, 
or exposing its brown branches to the air — every flower 
which lends its beauty to the earth — ^possesses different 
absorbing and radiating powers. The chalice-Kke cup 
of the pure white lily floating on the lake — the variegated 
tulip — ^the brilliant anemony — the deUcate rose — ^and the 
intensely coloured peony or dahha — ^have each powers 
peculiar to themselves for drinking in the warming life- 
stream of the sun, and for radiating it back again to the 
thirsting atmosphere. These are no conceits of a scien- 
tific dreamer ; they are the truths of direct induction ; 
and, by experiments of a simple character, they may be 
put to a searching test.* 

A thermometric examination of the various coloured 
flowers, by enclosing a delicate thermometer amongst 
their leaves, will readily establish the correctness of the 
one ; and by a discovery of recent date, connected with 
calorific ra^ation, which must be particularly described 
presently, we can, with equal ease and certainty, test the 

^ By reference to the Treatise on Heat, in the Encyclopedia 
Metropolitana, numerous suggestive experiments will be found, all 
bearing on this subject. Peschel's Elements of Physics may also 
be consulted with advantage. The fact is, however, simply proved, 
as stated in the text, by placing the bulbs of delicate thermometers. 
80 as to be completely involved in the petals of flowers exposed to 
sunshine, shading the upper portion of the stem of the instrument. 
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tmfli of the other ; * the absorption and radiation of 
heat being directly regulated by the colours of the sur- 
faces upon which the sun rays faU. 

It follows^ as a natural consequence of the position of 
the sun^ as it regards any particular spot on the earth at 
a given time^ that the amount of heat is constantly vary- 
iog during the year. This variation regulates the 
seasons. 

When it is remembered that the earth is, in the 
innter^ nearly three millions of miles nearer the sun 
than in the summer, some explanation is required to 
account for our suffering more cold when nearer the 
source of heat, than when at the remotest distance. 

The earth in her path around the sun describes an 
ellipse^ the sun's place being one of its foci. In obe- 
di^noe to the law, already described, of the conservation 
oif the 9xis of rotatioti, the axis of the earth constantly 
points towards the star in the constellation of the 
Little Bear. Recollecting this, and also the two facts, 
that a dense solid body alworbs heat more readiljr than 
a ^d one, and that radiation from the surface is con- 
•sf^tiiiily going on when absorption is not taking place, 
■let us follow the earth in her orbit. 
• It is the time of the vernal equinox — ^we have equal 
day and night — therefore the periods, of absorption and 
raoiation of heat are alike. But at this time of the year 
^e southern hemisphere is opposite to the sim, conse- 
quently the degree of absorption by the wide-spread 
oceans small. 

It is the summer solstice — ^we have sixteen hours of 
daylight, when the absorption of heat is going oh — and 
but eight hours of night, during which heat is passing 



* Moser, On Vision, and on the Action of Light on Bodies : and 
also On Latent Light : Scientific Memoirs, vol. iii. Draper, On 
certain Spectral AftpearanceSt and on the Discovery qf Latent Light : 
PhiL Mag., Nov. 1842. 
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off. The northern hemisphere is now presented to the- 
son^ and as here we have the largest portion of dry land^ 
the powers of absorption are at their maximum. 

The aotamnal equinox has arriyed, with its eqnal day 
and nighty as in the springs bnt now the whole northern 
h^nii^ere is opposite the son ; hence^ aoc(»dhig to the 
laws already exj^ained, we see the causes of the inereased 
heat of the autumnal season. 

The winter solstice has come, with its long night and 
shortened day. The time during which radiataon is 
going on is nearly twice that in which abs(Hpti(m takes 
phice^ and the earth is in her worst position for receiv- 
ing heat^ as Hiat half which has the largest sur&oe of 
water is towards the sun. 

These are Hie causes which lead to the variations of 
the seasons^ and through these we learn why we are 
colder when near the sun than when at a considerably 
greater distance. 

An analysis of the spectrum shows us that there are 
some changes r^plarly taking place in the state of Hie 
solar beam^ whidh cannot be referred to the mere iplte- 
ration of position. It may be inferred, from &(Qts 
by long-continued observations^ that the tibree dfl^sses^ 
of phenomena — ^light^ heat, and chemical power, distin- 
guished by the t^rm Actimsm — ^which we detect in tke 
flunks rays, are conistantiy changing their relative propor- 
tions. In spring, the chemical agency prevails; in 
smnmer, the luminous principle is tiie most powerful ; 
and in the autumn, the calonfic forces are in a state of 
the greatest activity.* The importance of these varia- 
tions, to the great economy of vegetable life, will be 
shown when we come to examine the phenomena con— 
nected with organisation. 

* A particular examination of this curious question will be 
found in the Author's report On the Infbsience of the Solar Rays om 
the Growth of Plants : Rep6rts of the Britbh Association fi)r 1B47.. 
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' A remarkable change takes place in the character of 
iieat in being reflected firom material substances. In 
nature we often see this £act curiously illustrated. Snow 
which lies near the trunks of trees or wooden poles 
mkitB mnch quicker than that which is at a distance 
frdsn them^ the sun shining equally on both — ^the Uque- 
ftotum commoicing on the side fiunng the sun^ and 
gradually extending. We see^ therefore^ that the direct 
jBKfiji nohr heat produce less effect upon the snow than 
time which are radiated from coloured surfaces. By 
numerous experiments^ it has been shown that these so- 
oondary radiations are more abundantly absorbed by snow 
or white bodies than the direct solar rays themselyes. 
Here is one of the many very curious evidences^ which 
seseuce lays open to us^ of the intimate connection be- 
tween the most ethereal and the grosser forms of matter. 
Heat^ by touching the earth, becomes more earth-like. 
Hie subtile principle which, like the spirit of supersti- 
tion^ has the power of passing, unfelt, through the 
crystal mass, is robbed of its might by embracing the 
things of earth ; and although it still retains the evidences 
' of its refined origin, its movements are shackled as by a 
dog of clay, and its wings are heavy with the dust of 
this rolling ball. It has, however, acquired new pro- 
pertieB, whidi fit it for the requirements of creation, and 
by which its great tasks are facilitated. Matter and 
heat unite in a common bond, and, harmoniously jmr- 
suing the necessities of some universal law, the result 
is the extension of beautiftd forms in every kingdom of 
nature. 

. An easy experiment pleasingly illustrates this remark- 
able change. If a blackened card is placed upom imow 
or ice in the sunshine, the frozen mass underneath it will 
be gradually thawed, and the card sink into it, wiiiie 
that by which it is surrounded, although exposed to the 
full power of solar heat, is but Uttle disturbed. I^ how- 
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ever, we reflect the sun's rays from a metal surface, an 
exactly contrary result takes place ; the uncovered parts 
are the first to melt, and the blackened card stands high 
above the surrounding portion. 

The evidences of science all indicate the sun as the 
source, not only of that heat which we receive directly 
through our atmosphere, but even of that which has 
been stored by our planet, and which we can, by several 
methods, develope. We have not to inquire if the earth 
was ever an intensely heated sphere ; — ^this concerns not 
our question; as we should, even were this admitted, 
still have to speculate on the origin — ^the primitive source 
of this caloric. 

Before, however, we proceed to the examination of 
the phenomena of terrestrial heat, a few of the great 
results of the laws of radiation and convection claim our 
attention. 

Nearly all the heat which the sun pours upon the 
ocean is employed in converting its water into vapour at 
the very surface, or is radiated back from it, to perform 
the important office of producing those disturbing influ- 
ences in the atmosphere, which are essential to the pre- 
servation of the healthful condition of the great aerial 
envelope in which we live. 

Currentsof air are generally due to the unequal degrees 
in which the atmosphere is warmed. Heat, by expand- 
ing, increases the elasticity, and lessens the density, of a 
given mass. Consequently, the air heated by the high 
temperature of the tropics, ascends charged with aqueou&t 
vapours, whilst the colder air of the temperate and the 
frigid zones flows towards the equator to supply its place. 
These great currents of the atmosphere are, independent 
of the minor disturbances prcduced by local causes, in 
constant flow, and by them & vmiformity of temperature 
is produced, which could not in any other way be accom- 
plished. By these currents, too, the equalisation of the 
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'Conrtitaeiits of the " breath of life^' is eflfeeted, and the 
pnuer oxygen of the ^'laud of the sunny south ^^ is dif- 
fbaed in healthful gales over the colder climes of the 
north. The waters^ too^ evaporated firom the great 
ceatral Atlantic Ocean^ or the far Pacific^ are thus car- 
ried oyer the wide-spread continents^ and poured in fer- 
tQinng showers upon distant lands. 

How magnificent are the operations of nature I The 
w is not much warmed by the radiations of caloric pass- 
ing from the sun to the earth ; but the sur£EM;e soil is 
heKted by its power of absorbing these rays. The tem- 
peratiire of the air ne3d; the earth is raised^ and we thus 
.have the circulation of those beneficial currents which 
upre so remarkably regular in the Trade Winds. The air 
heated within the tropics would ascend directly to the 
poles, were the earth at rest, but being in motion, those 
great atrial currents — the Trade Winds — are produced, 
-and the periodical monsoons are due to the same cause. 
A similar circulation, quite independent of the ordinary 
tidal movement, takes place also in the earth-girdling 
ocaean. The water, warmed, by convection, from the hot 
sorfaoe of the tropical lands, sets across the Atlantic 
from, the Gxdf of Mexico; and being under the influence 
of the two forces — gravity and motion — ^it illustrates the 
parallelogram of forces, and flowing along the diago- 
nal,' readies our own shores : the genial influences of 
the gulf stream produce that tempered climate which 
distmguishes our insular home. Here we have two im- 
mense influences produced by one agpncy, rendering 
those parts of the earth habitable and fertile, which but 
fi>r these great results would sorrow in the cheerless 
aspect of an eternal winter. 

The beautifiil phenomenon of the formation of dew is 
also distinctly connected with the peculiar properties 
which we have been studying. When from the bright blue 
vault of heaven, the sparkling constellations shower their 
mild light over the earth, the flowers of the garden and 

6 
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the leaves of the forest become moist with a fluid of 
the most translucid nature. Well might the ancients 
imagine that the dews were actually shed from the stars ; 
and the alchemists and physicians of the middle ages 
conceive that this pure distillation of the night possessed 
subtile and penetrating powers beyond most other 
things ; and the ladies of those olden times endeavour 
to preserve their charms in the perfection of their youth- 
ful beauty through the influences of washes procured 
from so pure a source.* 

Science has removed the veil of mystery with which 
superstition had invested the formation of dew ; and, in 
showing to us that it is a condensation of vapour upon 
bodies according to a fixed law of radiation^ it has also 
developed so many remarkable facts connected with the 
characters of material creations, that a much higher 
order of poetry is opened to the mind than that which, 
though beautifiil, sprang merely from the imagination. 

Upon the radiation of heat depends the formation of 
dew, and bodies must become colder than the atmos- 
phere before it will be deposited upon them. At what- 
ever temperature the air may be, it is chained to 
saturation with watery vapour, the quantity varying 
uniformly with the temperature. Supposing the tem- 
perature of the air to be 70° F., and that a bottle of 
water at 6QP is placed in it, the air around the bottle 

* Ammianus Marcellinus ascribes the longevity and robust 
health of mountaineers to their exposure to the dews of night. 
Dew was employed by the alchemists in their experiments on the 
solution of gold. The ladies of old collected the " celestial wash," 
which they imagined had the virtue of preserving their fine forms, 
by exposing heaps of wool to the influences of night radiation. It 
wns supposed that the lean features of the gi*assliopper arose from 
that insect feeding entirely on dew: '^^Dumque thymo pascentur 
apes, dum rore cicadse," Virgil, Eclog. 

See some curious remarks by Boyle, On the Power of Dew in 
Working on Solid Bodies : Works of the Honourable R. Boyle, 
vol. V. p. 121. 1744. 
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will be cooled, and will deposit on the glass exactly that 
quantity of moisture which is due to the difference be- 
tween the temperature of the two bodies. Different 
substances, independent of colour, have the property of 
parting with heat from their surfaces at different rates. 
Rough and porous surfaces radiate heat more rapidly 
than smooth ones, and are consequently reduced in tem- 
perature ; and, if exposed, are covered with dew sooner 
than such as are smooth and dense. The grass parterre 
glistens with dew, whilst the hai*d and stony walk is un- 
moiistened.* 

Colourless glass is very readily suffused with dampness, 
bat polished metals are not so, eyen when dews are 
heavUy condensed on other bodies. To comprehend 
fully ihe phenomena of the formation of dew, we must 
remember that the entire surface of the earth is constantly 
radiating heat into space ; and that, as by night no ab- 
sorption is taking place, it naturally cools.f As the 
substances spread over the earth become colder than the 
air, they acquire the power of condensing the vapour 
with which the atmosphere is always charged. The 
bodies which cover this globe are very differently consti- 
tuted; they possess dissimilar radiating powers, and con- 

• See the Researches o* Heat, by Professor James Forbes, in the 
Transactions of the Royal Society of Edinburgli ; also Melloni's 
papei'S on the same subject in the Annates de Chimie, several of 
wmch haye been translated into the Scientific Memoirs^ edited by 
Mr. Richard Taylor. 

f The phenomena of dew have constantly engaged the attention 
of man. Aristotle, in his book De Mundo, puts forth some just 
notions on its nature. An opinion has almost always prevailed 
that dew falls. Gersten appears to have been tlie first who opposed 
this motion. He was followed by Mnschenbroek, and then by 
Du Fay. The researches of Leslie were of a far more exact cha- 
racter. Dr. Wilson, in the Transactions of the Royal Society of 
Edinburgb, 1st vol., published a Memoir on Hoar Frost of much 
interest; but the questions involved remained unsettled until the 
researches of Dr. \Vells, which weje published in his Essay on Dew^ 
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sequently present^ when examined by delicate thermome- 
ters, varying degrees of temperature. By the researches 
of Dr. Welk,* which may be adduced as an example of 
the best class of inductive experiments, we learn that the 
following differences in sensible heat were observed at 
seven o^dock in the evening : — 



The air four feet above tbe grass 
Wo<d an. a raised board 
Swandown on ditto 
The sorfkce of tbe raised board . 
Grass plat 



6Qf 

53 
57 
51 



Dew is most abundantly deposited on clear, calm 
nights, during which the radiation from the surface of 
the earth is uninterropted. Tbe increased cold of such 
n%hts over those obscured 1^ clouds is well known. The 
ck^ds, it has been proved, act in the same way as the 
screens used by gardeners to protect their young plants 
from ttce froste of the early spring, which obstruct the 
radiation, and, in all probability, reflect a small quantity 
of heat baek to the earth. 

It is not ubprobaUe that the observed increase in 
grass crops, when they have been strewn with branches 
of trees or any slight shades, may be due to a similar 
cause.t 



♦ By far the most complete set of experiments on the radiation 
of heat from tbe surface at night, which have been published since 
Dr. Wells's memoir On Dew, are those of Mr.Glaisher, of the Eoyal 
Observatory at Greenwich. Instruments of the most perfect kind 
were employed, and the obseryations made with sedulous care. 
The resxilts will be foiuad in a memoir On the Amount oj the Radia- 
iionofUeatt at nighty from the Earth, tmd from various bodies 
placed cm or near the Surface of the Earth, by James Glaisher, Esq.. 
Philosophical Trans, for 1847, part 2. 

f Dr. Wells noticed the practical fact that very light shades pro- 
tected delieate plants from frost, by preventiiig radiation. Mr. 
Goldsworthy Gurney has made a series of interesting experiments, 
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There are many remarkable results dependent entirely 
on the colours of bodies^ which are not explicable upon 
the idea of difference in mechanical arrangement. We 
know that different colours are regulated by the powers 
which structures have of absorbing and reflecting light ; 
consequently a blue surface must have a different order 
(tf iiK>lecular arrangement from a red one. But there 
are 9ome physical peculiarities which also influence heat 
radiation^ quite independoitly of this svrface condition. 
If we take peces of red^ black, green, and yellow glass, 
and expose them when the dew is amdensmg, we shall 
find that moisture will show itself first on the yellow, 
theu on the green glass, and last of all upon the black 
or red glasses. The same thing takes place if we expose 
coloured fluids in white glass bottles or troughs, in which 
caae the suxfitces are all alike. K against a sheet of 
^aaa, upon which moisture has been slightly frosen, we 
piaoe ^laflses similarly coloured to those already described, 
it will be found that the earliest heat-rays wdl so warm 
the red and the black glasses, thut the ice will be melted 
<q[iposite to them, long before any change will be .seen 
upon the frozen film covered by the other colours. 

The order in which heat permeates coloured media, it 
has already been shown, very nearly agrees with their 
powers of radiation. 

These most curious results have engi^ed the attention 
of Mellcmi, to whose investigations we owe so much ; 
and from the peculiar order of radiations, which present 
phenomena of an analogous character to those of the 
coloured rays of light, obtained by him from dissimilarly 
coloured bodies, he has been led to imagine the existence 

and he imagines that hy shading grasslands with boughs of ti'ees, 
or any light litter, a more abundant crop is produced. The sub- 
ject has been discussed in the journals of the Boyal Agricultural 
Socie^. May not the apparent increase be due entirely to the 
succulent condition in which a plant always grows in the shade ? 
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of a "heat-colouration/^ That is, the heat-rays are 
supposed to possess properties like luminous colour 
although invisible ; and, consequently, that a blue sur- 
face has a strong affinity for the blue heat-rays, a red 
surface for the red ones, and so on through the scale. 
The ingenuity of this hypothesis has procured it much 
attention ; but now, when the Newtonian hypothesis of 
the refrangibility of light is nearly overturned, we must 
not, upon mere analogy, rush to the condusion that the 
rays of heat have diflferent orders of refrangibility, which 
MeUoni^s hypothesis requires.* 

Can anything be more calculated to impress the mind 
with the consciousness of the high perfection of natural 
phenomena, than the fact, that the colour of a body 
should powerfully influence the transmission of a prin- 
ciple which is diffused through all nature, and also deter- 
mine the rate with which it is to pass off from its surface. 
Some recent experiments have brought us acquainted 
with other facts connected with these heat-radiations, 
and the power of heat, as .influenced by the calorific 
rays, to produce molecular changes in bodies, which bear 
most importantly on our subject. 

If we throw upon a plate of polished metal a prismatic 
spectrum (deprived, as nearly as possible, of its chemical 
power, by being passed through a deep yellow solution 
— which possesses this property in a very remarkable 
manner, as will be explained when we come to the exa- 
mination of the chemical action of the sun^s rays) — ^it 
will be found, if we afterwards expose the plate to the 

* This paper of Melloni's will be found in the Bibliotheque Uni- 
verselle de Geneve^ for 1843. The conchisions are highly ingenious, 
but they rest entirely on the analogy sup])osed to be discovered be- 
tween the relations of heat, like light, to the coloured rays of the 
spectrum. This,' it must be remembered, is not the case, since 
even Sir William Herschel showed that red light might exist with 
only a minimum of calorific power, notwithstanding the fact, that 
the maximum heat-ray of the spectrum coincides with the red rays. 
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action of vapour, very slowly raised from mercury, that 
the space occupied by the red rays, and those wliich lie 
without the spectrum below it, will condense the vapour 
thickly, while the portion correspondinj^ with the other 
rays will be left untouched. This affords us evidence of 
the power of solar heat to produce, very readily, a change 
in the molecular structure of solid bodies. If we allow 
the sun^s rays to permeate coloured glasses, and then 
fell upon a polished metallic surface, the result, on 
csposing the plate to vapourisation. Mill be similar to 
that just described. Under yeUow and green glasses no 
vapour will be condensed ; but on the space on which 
the rays permeating a red glass, or even a blackened one, 
fall^ a very copious deposit of vapour Avill mark with dis- 
tinctness the spaces these glasses covered. ]\Iore remark- 
able still, if these or any other coloured bodies are placed 
in a box, and a polished metal plate is suspended a few 
lines above them, the whole being kept in perfect dark- 
ness for a few hours, precisely the same effect takes place 
as when the arrangement is exposed to the full rays of 
the sun. Here we have evidence of the radiating heat of 
bodies, producing even in darkness the same phenomena 
as the transmitted heat-rays of the sun. We must, 
however, return to the examination of some of these and 
other analogous influences under the head of actino- 
diemistry. 

Prom these curious discoveries of inductive research 
we learn some high truths. Associated with light — 
obeying many of the same laws — ^moving in a similar 
manner — ^we receive a power which is essential to the 
constitution of our planet. This power is often mani- 
fested in such intimate combination with the luminous 
principle of the solar rays, that it has been suspected to 
be but another form of the same agency. While, how- 
ever, we are enabled to show the phenomena of one 
-without producing those which distinguish the other, 
we are constrained to regard heat as something dis- 
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similar to light. It is true that we appear to be tending: 
towards some point of proof on th^ problaon ; but we 
are not in a position to declare them to be forms oi one 
common power^ or '^particular solutions of one great 
phyncal equation/^* In many instances it wonMcer- 
tainlj appear that one of these forces was directly neces- 
sary to die production of tl^ ^o^ixex ; but we hare also 
nnmerous escamples in which tfacj do not stand in any 
skdi coanelatixm. 

We kam^ from the scientific facts which we have been 
discuBMing, a few of tte secrets of natural mi^ie. In 
thdr relations to heat^ every flower^ which ad& to Ae 
admimient of the wilds of nature or the carefoUy-t^ided 
ganten of the florist, possesses a power peculiar to itself;, 
and, as we Imve befero indicated, the 

** Naiad-like lOy of tlie yale," 

and, 

" The pied wind-flowers, and the tulip tall, 

And narcissi, the fairest among them all, 

are, by their different colours, prevented from ever 
having the same temperatures under the same 
sunshme* 

Every plant bears within itself the measure of the 
heat which is necessary for its well-being, and is endued 
with functions which mutely determine the relative 
amount of dew which shall wet its coloured leaves. 
Some of the terrestrial phenomena of this remarkable 
principle will still ftu^her illustrate the title of this 
volume. 

To commence with the most familiar illustrations, let 
us consider the consequences of change of temperature. 

♦ Dr. Robinson, of Armagh, in his Memoir On the Effects of 
Heat in lessening the Affinities of the Elements of Water, — Transac- 
tions of the Royal Irish Academy, vol. xxi. part 2. 
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Hoveirer alight the additional heat may be to which a 
body 18 subjected^ it expands under its influence ; con- 
sequently, every atom which goes to form the mass of 
the earth moves under the excitation^ and the first heat 
rsy of the morning which touches the earth^s sur&ce^ 
sets up a yibration which is continued as a tremor to its 
very centre. The differences between the temperature 
of day and night are considerable ; therefore all bodies- 
expand Tmder the influence of the higher, and contract 
mfeder ihat of the lower temperature. During the day, 
anjdoad obscuring the sun produces, in every sohd, 
mi, or aeriform body, within the range of solar in- 
fluence, a dieck : the particles which had been expand- 
ing under the force of heat sudda[ily contract. Thus- 
there must of necessity be, during the hours of sunshine, 
a tendency in all bodies to dilate, and during the hours, 
of night tliey must be resuming their original conditions. 
Not only do dissimilar bodies radiate heat in different 
degrees, but they conduct it also with constantly varying 
rates. Heat passes along silver or copper with readi- 
ness, c(nnpared to its progress through platinum. It is 
conducted by glass but slowly, and still more slowly by 
wood and charcoal. We receive some important intima- 
tions of the molecular structure of matter, from those 
e:qperiments which prove that heat is conducted more- 
readily along some lines than others. In some planes, 
wood and other substances are better conductors thaniu 
others. The metallic oxides or earths are bad conduc- 
tor, of heat, by which provision the caloric absorbed by 
the sun^s rays is not carried away from the surface of this 
planet so rapidly as it would have been had it been of 
metal, but is retained in the superficial crust to produce 
the due temperature for healthful germination and 
vegetable growth. The wool and hair of animals are still 
inferior conductors, and thus, imder changes of climate 
and of seasons, the beasts of the field are secured against 
those violent transitions from heat to cold which would 
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he fatal to them. Hair is a hetter conductor than wool : 
hence, hy nature^s alchemy, hair changed, into wool in 
the animals of some countries on the approach of winter, 
and feathers into down. 

It is therefore evident that the rate at which solar 
heat is conducted into the crust of the earth must alter 
with the condition of the surface upon which it falls. 
The conducting power of all the rocks which have been 
examined is found to vary in some degree.* 

It foUows, as a natural consequence of the position of 
the sun to the earth, that the parts near the equator 
become more heated than those remote from it. As this 
heat is conducted into the interior of the mass, it has a 
tendency to move to the colder portions of it, and thus 
the heat absorbed at the equator flows towards the poles, 
and from these parts is carried off by the atmosphere, or 
radiated into space. Owing to tins, there is a certain 
depth beneath the surface of our globe at which an equal 
temperature prevails, the depth increasing as we travel 
north or south from the equator, and conforming to the 
contour of the earth's sxirface, the line sinking under 
the valleys and rising under the hills.f 

* On this subject consult Robert Were Fox, On the Temperature 
of tfie Mines of ComwaXl. — Cornwall Geological Transactions, 
vol. ii. ; W. J. Henwood, on the same subject, Ih, vol. v. ; Reports 
of the British Association, 1840, p. 315; Edinburgh New Pliiloso- 
pbical Jomnal, vol. xxiv. p. 1 40. 

t On the causes of the temperature of Hot and Thermal Springs ; 
(md on the bearings of this subject as connected with the general 
question regarding the internal temperature of tha Earth: by 
Professor Gustav Bischoff, of Bonn. — Edinburgh New Philoso- 
phical Journal, vol. xx. p. 376 ; vol. xxiii. p. 330. Some interest- 
ing information on the temperature of the ground will be found in 
Erman's Travels in Siberia, translated by W. D. Cooley, vol. i. p. 
330; vol. ii. p. 866. Sur la Prqfondeur h laqneUe se trouve la 
oottche de Temperature invariable enlre les Tropiques, by Boussin- 
^auJt : Anuales de Chimie et de Physique, 1833, p. 225. 
Reference may also be made to Humboldt's Cosmos, Otto's 
translation ; and to the excellent article on Meteorology^ by 



SUBTERRANEAN TEMPERATURES. 91 

A question of great interest, in a scientific point of 
view, is the temperature of the centre of the earth. We 
are, of course, without the means of solving this pro- 
blem ; but we advance a little way onwards in the inquiry 
by a careful examination of subterranean temperature at 
such depths as the enterprise of man enables us to reach. 
These researches show us, that where the mean tempera- 
ture of the climate is 50°, the temperature of the rock at 
59 fiithoms from the surface is 60 ; at 132 fathoms it is 
70^ ; at 239 fathoms it is 80° : being an increase of 10° 
at 59 fathoms deep, or 1° in 35*4 feet ; of 10° more at 
73 fathoms deeper, or 1° in 43*8 feet ; and of 10° more 
at 114 fiithoms still deeper, or 1° in 64.2 feet.* 

Although this would indicate an increase to a certain 
depth of about one degree in every fifty feet, yet it would 
appear that the rate of increase diminishes with the 
depth. It appears therefore probable, that the heat of 
the earth, so far as man can examine it, is due to the 
absorption of the solar rays by the surface. The 
ei^dences of intense igneous action at a gre9,t depth 
cannot be denied, but the doctrine of a cooling mass, and 
of the existence of an incandescent mass, at the earth's 
centre, remains but one of those guesses which active 
minds delight in. The mean annual temperature of this 
planet is subject to variations, which are probably 
dependent upon some physical changes in the sun him- 
self, or in the atmospheric envelope by which that orb is 
surrounded. The variations over the earth's surface are 
great. At the equator we may regard the temperature 

George Hai'vey, in the EncyclopsBdia Meti'opolitana. These 
ebthonisothennal lioes, as the}' are called, have been ti'aeed by 
Humboldt and others over extensive districts. 

* These results are obtained from the valuable observations of 
Robert Were Fox, Esq., made with great care by that gentleman 
in several of the Cornish mines : Report on some observations on 
Subterranean Temperature. — British Association Reports, vol. ix. p. 
5J0O ; Philosophical Magazine, 1837, vol. ii. p. 520. 
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as uniformly existing at 80°, while at the poles it is 
below the freezing point of water ; and as &r as observa- 
tions have been made, the subterranean temperatures 
bear a close •relation to the thermic condition of the 
dimate of the sur&ce. The circulation of wat^ through 
faults or fissures in the strata is, without doubt, one 
means of carrying heat downwards much quicker than 
it would be conducted by the rocks themselves. It is 
not, however, found that the quantity of water increases 
with the depth. In the mines of Cornwall, unless whera 
the ground is very loose, miners find that, after about 
150 fEithoms (900 feet), the quantity of water rapidly 
diminishes. That water must ascend firom v^ry much 
greater depths is certain, finmi the high temperatures at 
which many springs ^w out at the sur&oe. In the 
United Mines in Cornwall, water rises from one part of 
the lode at 90° ; and one of the levels in tiiese workings 
is so hot that, notwithstandiii^ a stream of cold water is 
purposely brought into it to reduce the temperature, the 
miners work nearly naked, and will bathe in water at 
80° to cool themselves. At the bottom of Tresavean 
Mine, in the same county, about 320 fathoms firom the: 
surface, the temperature is 100°. 

One cause of the great heat of many of our deep< 
mines, which appears to have been entirely lost sight <^, 
is the chCTucsd action going on upon large masses of 
pyritic matter in their vicinity. The heat, which is so 
oppressive in the United Mines, is, without doubt, due 
to the deccHnposition of immense quantities of the sul- 
phurets of iron and copper known to he in this condition 
at a short distance fi:om these mineral works. 

The heat which man is enabled to measure beneath the 
earth's surface, appears to be alone due to the conducting 
powers of the rocks themselves ; it has been observed 
that the line of equal temperature follows, as nearly as 
posfflble, the devatiions and depressions which prevail 
upon the surface, and the diminishing rate of increase 
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lieyoiid tluB line^ certainly is such as would arise, was all 
the heat so measured, the result of the passage of the 
heat Ir^ conduction through the crust of rocks. 

Whether or not the subterranean bands of equal heat 
have any strict relation, upon a large scale, to the 
iflothennic lines which have been traced around meet 
portions of our globe, is a point which has not yet been 
«o satisfSEUstorily determined as to admit of any general 
deductions. 

The Oriental story-teUer makes the inner world a 
plaoe of rare beauty — a cavern temple, bestudded ^rith 
ielf-lmninous gems, in which reside the spiritual beings 
to whom l^e direction of the inoi^anic worid is confidexL 

The Philosopher, in the height of his knowledge, has 
had dreams as absurd as this ; and amid the romances of 
acieiice, there are not to be found any more strange visions 
than' those which relate to the centre of our globe. At 
the same time it must be admitted, that many of the 
peculiar phenomena which modem geological researches 
liaie brought to light, are best explained on the hypo- 
thesis of a cooling sphere, which necessarily involves the 
-existence of a very high temperature towards the 
centre. 

• We have already noticed some remarkable diflFcrences 
between solar and terrestrial heat ; but a class of observa- 
tions by Delaroche* still requires our attention. Solar 
lieat passes freely through colourless glass, whereas the 

* From bis experiments, the followiDg conclusions were arrived 
at by M. Delaroobe :— 

1. Invisible radiant heat may, in some circumstances, pass 
directly through glass. 

2. The quantity of radiant heat which passes directly through 
glass is so much greater, relatiye to the whole heat emitted in 
the same direction, as the temperature of the source of heat is 
more elevated. 

3. The calorific rays which have already passed threugh a 
screen of glass, experience, in passing through a second glass 
-screen of a similar nature, a much smallef diminution of their 
intensity than they did in passing through Uie first screen. 
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radiations from a briglit fire or a mass of incandescent 
metal are entirely obstructed by this medium. If we 
place a lamp or a ball of glowing hot metal before a 
metallic reflector, the focus of accumulated heat is soon 
discovered ; but if a glass mirror be used, the light is 
reflected, but not the heat ; whereas, with the solar rays, 
but little diflFerence is detected, whether vitreous or 
metallic reflectors are employed. It is well known that 
glass lenses refract both the light and heat of the sun, 
and they are commonly known as burmng-glasses : the 
heat accumulated at their focal point being of the highest 
intensity. If, instead of the solar beam, we employ, in 
otir experiments, an intense heat produced by artificial 
means, the passage of it is obstructed, and the most 
delicate thermometers remain undisturbed in the focus of 
the lens. Glass exposed in fi^nt of a fire becomes- 
warm, and by conduction the heat passes through it, 
and a secondary radiation takes place from the opposite 
side.* It has been found that glass is transcalescent, or 
diathermic, to some rays of terrestrial heat, and adia- 

4. The rays emitted by a hot body diflfer from each other in 
their faculty 'to pass through glass. 

5. A thick glass, though as much or more permeable to light 
than a thin glass of worse quaUty, allows a much smaller quan- 
tity of radiant heat to pass. The difference is so much the less a*s 
the temperature of the radiating source is more elevated. 

6. The quantity of heat which a hot body yields in a given 
time, by radiation to a cold body situate at a distance, increases^ 
CiBteris paribus f in a greater ratio than the excess of temperature of 
the first body above the second.— Journal de Physique, vol. Ixxv. 

* Sir David Brewster differs from the conclusions arrived 
at by Delaroche. He thus explains his views : — " The inability 
of radiant heat to pass through glass, may be considered as a 
consequence of its refusing to yield to the refractive force; 
for we can scarcely conceive a particle of radiant matter freely 
permeating a solid body, without suffering some change in its 
velocity and direction. The ingenious experiments of M. Prevost, 
of Geneva, and the more recent ones of M. Delaroche, have been 
considered as estabUshing the permeability of glass to radiant 
heat. M. Prevost employed moveable screens of glass, and re- 
newed them continually, in order that the result which be ob- 
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ihemiCy or opaque for heat, to others* — that the capability 
of permeatiiig glass increases with the temperature of 
the ignited body — and that rays which have passed one 
screen traverse a second more readily. It would, 
however, appear that something more than a mere 
elevation of temperature is necessary to give terrestrial 
heat-radiations the power of passing through glass 
screens, or, in other words, to acquire the properties ai* 
solar heat. 

To give an example. The heat of the oxy-hydrogen 
flame is most intense, yet glass obstructs it, although it 
may be assisted by a parabohc reflector. If this flame 

tained might not be ascribed to the heating of the screen ; but 
«uch is the rapidity with which heat is propagated through a 
thin plato of glass, that it is extremely difficult, if not impossible, 
to obsrarve the state of the thermometer before it has been 
sfibcted by the secondary radiation from the screen. The method 
employed by M. Delaroche, of observing the diflference of effect, 
when a blaclcened glass screen and a transparent one were made 
successively to intercept the radiant heat, is liable to an obvious 
error. The radiant heat would find a quicker passage through 
the transparent screen; and, therefore, the difference of effect 
was not due to the transmitted heat, but to the heat radiated 
from the anterior surface. The truth contained in M. Delaroche's 
fifth proposition is almost a demonstration of the fallacy of all 
those that precede it. He found that * a thick plate of glass, 
though as much or more permeable to light than a. thin glass of 
worse quality, allowed a much smaller quantity of radiant heat 
to pass/ If he had employed veiy thick plates of the purest 
:^nt glass, or thick masses of fluid uiat have the power of trans- 
mitting light copiously, he would have found that not a single 
particle of heat was capable of passing directly through trans- 
parent media." — Sir D. Bi-ewster, On niio properties of heal as ex- 
hibited in its propagation along plates of glass. Pliilosophical 
Transactions, vol. cvi. p. 107. 

* Proposal of a JSew Nomenclature for the Science of Calorifio 
RadiationSj by M. Melloni. Bibliotbeque Universelle de Geneve, 
No. 70. Scientific Memoirs, vol. iii. part 12. Many of the terms, 
as Dialhermasy, or transparency for heat ; Adiathermasy, opacity 
for heat ; Thermochroic, coloured for heat, and others, are valuable 
suggestions of forms of expression which are required in dealing 
with these physical phenomena. 
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is made to play upon & ball of lime^ by which a most 
intense light is pxcdnced, the heat^ which has not been 
actuaily inareased^ acquires the power of being re&acted 
by a glass lens^ and combustible bodies may be ignited 
in its focus. 

It certainly appears from these results^ that the 
uadulatory hypothesis holds true^ so fisur as the motion of 
tiie calorific power is ccmcemed. At a certain rate the 
vibrations are thrown back or stopped by the opposing 
body, while in a state of higher excitation^ moving with 
increased rapidity^ th^ permeate the screen.* This 
does not, indeed^ interfere with the refined theory of 
Prevost^t which supposes a mutual and equal interchange 
of caloric between aU bodies. 

The most general effect of heat is the expansion of 
matter ; solids^ liquids^ and airs^ all expand under its 
influence. K a bar of metal is expo^ to calorific 
action^ it increases in size^ owing to its particles bdoig 

* For a careful examination of the several theories of heat 
consult Dr. Young's Course of Lectures on Natural Philosophy, 
^EC, Lecture 52, On the Measures and the Nature of Heat; also 
Powell's very excellent Reports on Radiant /fea^— Beports of the 
British Association, 1832, 1840. The transcendental view which 
the immaterial theory leads to, cannot he hetter exemplified than 
by the fdlowing quotation from that inexplicable dream of a 
talented man, Elements of PhysiophUosopky, by Lorenz Oken, M.D. 
(trandated for the Ray Society, by Alfred Tulk) :— 

^* Heat is not matter itself any more than light is ; but it is 
only the act of motion in the primary matter. In heat, as well 
as in light, there certaiid^ resides a material substratum ; yet, 
this substratum does not five out heat and light; but the motiom 
only of the substratum gives out heat, and the tension only of 
the substi-atum light. There is no body of heat; nitrogen is 
the body of heat, .just as oxygen may be called the body of fire. 
Heat is real space; into it dl forms have been resolved, as all 
materiality has been resolved into gravity, and all activity, all 
polarity, into light. Heat is the universal form, consequently the 
want of form." 

f M^moires de la Societe Physique, &c, de Geneve, torn, ii 
art. 2. 
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separated £EurtIier &om each other : by continuing this 
influence, after a certain time the cohesion of the mass is 
so reduced that it melts^ or becomes liquid^ and^ under 
the jforce of a still higher temperature^ this molten metal 
may be dissipated in vapour. It would appear as if, 
imder the agency of the heat applied to a body, its atoms 
eaEpmskdeij until at last, owing to the tenuity of the outer 
layer or envelope of each atom, they were enabled to 
move fireely over each other, or to intoppenetrate without 
difficulty. Th^t heat does really occasion a considerable 
distnrbuice in the corpuscular arrangement of bodies, 
may be proved by a very interesting experiment. . A 
bar of heated metal is placed to cool, with one end sup- 
ported upon a wedge or a ring of a different metal the 
other resting on tike ground. In cooling, a distinct 
musical sound is given out, owing to the vibratory action 
set up among the particles of matter moving as the tem- 
perature dedines.* 

4s This curious phenomenon was first observed by Mr. Trevelyan, 
tdioee NoHee regarding some Experments on the Vibration of Heated 
MMU will be found in the Transactions of the Royal Society of 
IBcUnburgh, vol. xii., 1837. In a Memoir in the same volnme, 
entHied Experimental Researches regarding certam vtbraHtmswkifh 
take place between metaUic masses, having different temperatmrts, 
ProNfltosor Forbes draws the following conclusions : — 

1. ^* The vibrations never take place between substances of the 
same nature. 

2. " Both substances most be metallic. (This is now proved 
not to be necessary.) 

3. ^' The vibrations take place with an intensity proportional 
(within certain limits) to the difference of the conducting powers 
of the metals for heat or electricity ; the metal having the lea^ 
conducting power being necessarily the coldest. 

4. " The time of contact of two points of the metals must be 
longer than that of the intermediate portions. 

5. " The impulse is received by a distinct and separate pro- 
cess at each contact of the bar and block, and in no case is the 
metallie connection of the beadng points in the bar« or those of 
the block, in any way essmtial. 

6. "The intensity of the vibration is (under certain ex. 

H 
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Heat is diffused through all bodies in nature^ and^ as 
we shall presently see, may be developed in many dilBFerent 
ways. We may, therefore, infer, that in converting a 
sphere of ice into water, and that again into steam, we 
have done nothing more than interpenetrate the mass 
with a larger quantity of heat, by which its atoms are 
more widely separated, and that thus its molecules 
become free to move about each other. Hence, from a 
solid state, the water becomes fluid ; and then, if the ex- 
pansive force is continued, an invisible vapour. If these 
limits are passed by the powers of any greatly increased 
thermic action, the natural consequence, it must be 
seen, will be the separation of the atoms from each 
other, to such an extent that the molecule is destroyed, 
and chemical decomposition takes place. 

By the agency of the electricity of the voltaic battery, 
we are enabled to produce the most intense heat with 
which we are acquainted, and by a peciQiarly ingenious 
arrangement Mr. Grove has succeeded in resolving 
water by the mere action ot heat into its constituent 
elements— oxygeii and hydrogen gases. That this decom- 
position is not due to the voltaic current, but to the heat 
produced by it, was subsequently proved by employing 
platina heated by the oxy-hydrogen flame.* 

This interesting question has been examined with 
great care by Dr. Robinson of Armagh, who has shown 
that, as the temperature of water is increased, the afiS- 
nity of its elements is lessened, until at a certain point it 
is eventually destroyed. This new and startling fact 
appears scarcely consistent with our knowledge that a 



ceptions) proportional to the difiference of temperatura of the 
metals." — ^Transactions of the Boyal Society of Edinbui^h, 
vol. xii. 

♦ The Bakerian Lecture. On certain Phenomena of VoUaie 
Ignition, and the Decomposition qf Water into its Constituent Gases 
bp Heat: by W. R. Grove, Esq.— Philosophical Transactions, 
1847. Parti. 
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body heated so Ieus to be luminous has the power of 
causing the combination of the elements of water with 
explosive violence.* But as this acute experimental 
pMlosopher somewhat boldly but still most reasonably 
inquires : " Is it not probable that, if not light, some 
other actinic power (like that which accompanies light in 
the spectrum, and is revealed to us by its chemical 
effects in the processes of photography) is evolved by the 
heat, and, though invisible, determines, in conjunction 
with the affinity, that atomic change which transforms 
the three volumes of oxygen and hydrogen into two of 
«team?t 

This speculation explains, in a very satisfiw^ory manner^ 
some results which were obtained by Count Rumford, in 
1798. In a series of experiments instituted for the 
purpose of examining "those chemical properties of 
I^ht which have been attributed to it,^^ he has shown 
that many cases of chemical decomposition occur in 
perfect darkness, under the influence of heat, which are 
precisely similar to those produced by exposure to the 
son^s rays. J 

It must, however, be remembered, that both solar 
Kght and heat are sometimes found in direct antagonism 
to actinic power, and that the most decided chemical 
changes are produced by those rays in which neither 
heat nor Ught can be detected. The most remarkable 

Jhenomena of this class will be explained under the 
ead of actinism. 

* Davy's Researches on Flame- Works, vol. vi.— Philosophical 
Transactions for 1 817. 

f On the Effect of Heat in lessening the affinities of the Elements 
cf Water : hy the Rev. Thomas Romney Rohinson, D.D. — ^Trans- 
actions of the Royal Irish Academy, vol. xxi. part 2. 

I An Inquiry concerning the Chemical Properties that have been 
attributed to Light: by Kenjamin, Count of Rumford. — Philoso- 
phical Transactions, vol. Ixxxviii. p. 449. — The results obtained 
by Count Rumford were probably due to the non-luminous heat- 
rays— -parathermic rays — which are known to be given off by 
boiling water. 
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One of the most curious relations which as yet 
have been discovered between light and heat is, that, the 
temperature at which all bodies become incandescent, 
excepting such as are phosphorescent; is uniform. The 
point on the thermometer (Fahrenheit's scale) when 
the eye by perfect repose is enabled to detect the first 
luminous influence, may probably be regarded as, or 
very near, 1000°. Daniel has fixed this point at 980°, 
Wedgwood at 947°, and Draper at 977°.* Dr. Bobinson 
and Dr. Draper, by independent observations, have 
both arrived at the conclusion, that the first gleam of 
light which appears from heated platina is not red, but of 
a lavender gray^ the same in character of colour as that 
detected by Sir John Herschel among the most refran- 
gible rays of the solar spectrum, f ^^m^^ -,t^ 

It must be admitted, that the question of the identity, 
or otherwise, of light and radiant heat, is beset with 
difficulties. Many of their phenomena are very similar 
— 'many of their modes of action are alike : they are 
often foimd as allied agencies ; but they as frequently 
exhibit extreme diversity of action, and they may be 
separated from each other. 

We have now examined the physical conditions and. 



* For Dr. Draper's paper, see PhUosophioal Magazine for May^ 
1847, voL XXX. 3rd senes. 

f On the Actkm of the Rays of the Soktr Spectrum <m Vegetuhh 
Co/ours : by Sir J. F. W. Herschel. Bart. 

The proof of the continuation of the visible prismatic spectrum 
beyond the extreme violet may be witnessed in the following 
manner: — " Paper stained with tincture of turmeric is of a yellow 
colour; and, in consequence, the spectrum thrown in it, if ex- 
posed in open daylight, is considerably, affected in its apparent 
colours, the blue portion appearing violet, and the violet very 
pale and faint; but beyond the region occupied by the violet 
rays, is distinctJy to be seen a faint prolongation of the spectrum, 
terminated laterally, like the rest of it, by straight and sharp out- 
lines, and which, in this case, affects the eye with the sensation of 
a pale yellow colour." — Philosophical Transactions, p. 133. 
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pjrqperties of this most important element^ and we must 
jHTOoeed to learn somethmg of the means by which it 
may be developed, independently of its solar source. 

This eKtraordinary principle exists in a latent state in 
all bodies, and may be pressed out of them. The black- 
smith hammers a nail until it becomes red hot, and from 
it he lights the match mth which he kindles the fire of 
his foige. The iron has by this process become more 
dense, and percussion will not again produce incan- 
descence until the bar has been exposed in fire to a red 
heat. The only inference we can draw from this result 
is^ that by hammering the particles have been driven 
closer together, and the heat driVen out; now further 
hammering will not force the atoms nearer, and con- 
sequently no additional quantity of heat can be deve- 
loped ; tixe iron is made hot in a fire, it absorbs heat, the 
particles are restored to their former state, and we can 
now again by hammering develope both heat and light. 
The Indian produces a spark by the attrition of two 
pieces of wood. By friction, two pieces of ice may be 
made to melt each other; and could we, by mechanical 
pressure, force water into a solid state, an immense 
quantity of heat would be set free. By the condensation 
of hydrogen and oxygen gases, pulverulent platinum 
will become glowing red-hot, and, with certain pre- 
cautions, even the compact metal, platinum, itself; 
the heat being derived from the gases, the union of 
which it has effected. A body passing from the solid to 
the fluid state absorbs heat from all surrounding sub- 
stances, and hence a degree of cold is produced. The 
heat which is thus removed is not destroyed — ^it is held 
combined with the fluid; it exists in a latent state. 
Muids, in passing into a gaseous form, also rob all sur- 
rounding bodies of an amount of heat necessary to 
maintain the aeriform condition. From the air or from 
the fluid, tiiis heat may, as we have shown above, be 
4igain extracted. Locked in a puit measure of air, there 
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exists sufficient heat to raise several square inches of 
metal to glowing redness. By the compression of 
atmospheric air this may be shown, and with a small 
condensing syringe a sufficient quantity of heat may be 
set free to fire the Boletus igniarius, which, impregnated 
with nitre, is known as amadou. We are acquainted 
with various sources from which heat may be developed 
for artificial purposes : the flint-and-steel is an example 
of the production of heat by mechanical force, and the- 
modem lucifer-match, of the combined action of friction 
and chemical affinity. These of themselves would admit 
of a lengthened discourse ; but it is necessary that we 
earefully examine some of the less familiar phenomena of 
heat under the influences of changes of chemical condition. 
If spirits of wine and water are mixed together, a 
ccaisiderable degree of heat is given 6ut, and by mixing- 
sulphuric acid and water, an infinitely larger quantity. 
If sulphuric acid (oil of vitriol) and spirit of wine, or 
nitric acid (aquafortis) and spirits of turpentine, at com- 
mon temperatures, be suddenly mixed, so much heat is 
set free as to ignite the spirit. In each of these in-^ 
stances there is a condensation of the fluid. In nearly 
all cases of solution, cold is produced by the absorption 
of the heat necessary to sustain the salt in a liquid 
form ; but when potash dissolves in water, heat is given 
out, which is a fact we cannot yet explain. If potassiun> 
is placed on water, it seizes the oxygen of the water 
and sets fire to the hydrogen gas liberated by the heat 
produced in the change of form. Antimony and many 
other metals thrown iuto cldorine gas ignite and burn 
with brilliancy: the same phenomenon takes place in 
the vapours of iodine or bromine. Many chemical com- 
binations, as the chloride of potassium and sulphur ex- 
plode with a blow ; whilst the shghtest friction occasions 
the detonation of the fulminating salts of silver, mercury, 
and gold. Compounds of nitrogen and chlorine, or 
iodine, are still more delicately combined — the former 
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exploding with fearful violence on the contact of any 
oleaginous hoiy, and the latter by the smallest elevation 
of temperature : both of them destroying the vessels in 
which they may be contained. 

Gun cotton presents some peculiar phenomena 
which may merit brief attention. This peculiar com- 
pound is prepared by the action of nitric acid on 
cotton fibre. The general appearance of the cotton 
is not altered^ but a remarkable physical change 
has taken place. It is now soluble in ether^ and 
forms a gelatinous compoimd: — it explodes violently 
at a temperature which is insufficient for the combustion 
of gunpowder. Indeed, from, as it would appear, slight 
electrical disturbances taking place in the gun cotton 
itself, it not unfrequently explodes spontaneously. These 
fearful disturbances of the forces which hold bodies in 
combination are explained with difficulty. Majr it not 
be, that an enormous quantity of the calorific and 
chemical principles is held in a state of extreme tension 
around the particles of the compound, and that the 
equQibrium being destroyed, the whole is developed in 
destructive rapidity ? 

The fact of great heat being evolved during the con- 
version of a body from a solid to a gaseous state, as in 
the explosion of gunpowder or gun cotton, which is a 
striking exception to the law of latent heat, as it prevails 
in most cases, admits of no more satisfactory explanation. 

As mechanical force produces calorific excitation, so 
we find that every movement of sap in vegetables, and 
of the blood and fluids in the animal economy, causes a 
sensible increase of heat. The chemical processes con- 
stantly going on in plants and animals are another 
source of heat, in addition to which nervous energy and 
muscular movement must be regarded as producing the 
caloric which is essential to the health and life of the latter. 
Digestion has been considered as a process of combus- 
tion; and the action between the elements of food, and 
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the oxygen conveyed by the circulation of the blood to 
every part of the body, regarded as the source of animal 
heat; and, without doubt, it is one great source, 
although it can scarcely be regarded as the only one.* 

* The most complete exposition of the theory that animal heat 
is derived from chremical action only, will be found in Animal 
Chemistry, or Chemistry in its applications to Physiology and 
Pathology, by Justus Liebig : translated by Dr. Gregory. . The 
conclusions arrived at by the author, notwithstanding his high — 
and deservedly high — position in chemical science, must, however, 
be received with great caution, many of them being founded on 
most incorrect premises, and his generalizations being of the most 
hasty and imperfect character. At page 22 the following passage 
occurs : — " If we were to go naked, like certain savage tribes, or if 
in himting or fishing we were exposed to the same degree of cold 
as the Samoiedes, we should be able, with ease, to consume ten 
pounds of flesh, and, perhaps, a dozen of tallow candles into the 
bargain, daily, as wannlyclad travellers have related with astonish- 
ment of these people. We should then also be able to take the 
same quantity of brandy or train-oil without bad effects, because 
the carbon and hydrogen of these substances would only suffice to 
keep up the equilibrium between the external temperature and 
that of our bodies." 

A brief examination will exhibit the error of this. The analysis 
of Beef, by D. Lyon Playfair, is as follows : — 

Carbon .... 51-83 



Hydrogen 

Nitrogen 

Oxygen 

Ashes 



7.57 
1601 
21-37 

4-23 



And the following has been given by Chevreul as the composition 
of mutton tallow :— 

Carbon . .... 96 

Hydrogen . . 16 

Nitrogen .... 16 

Oxygen . . . 48 

About three times the quantity of oxygen to the carbon eaten, is 
required to convert it into carbonic acid ; hence, the Samoiede, 
eating more highly carbonized matter, must inspire 288 oz. of 
oxygen daily, or nearly eight times as much as the " ordinary 
adult." By the lungs he must take into the body 2,304 cubic 
feet of air besides what will be absorbed by the skin. His 
respirations must be so much quickened, that at the lowest pos- 
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Hie otf viUe, or vital power^ influences the delicate 
and beautiM system of nerves; and as life (an essence 
of tlie rarest and most subtile order^ a difiPasive influence) 
runs through them, from the brain to the extremities of 
tlie members of the body^ it sets those tender threads in 
rapid vibration^ and heat is developed. By this action, 
tii^ circulation of the blood is effected ; the muscle is 
maintained in an elastic condition, ready to perform the 
tasks of the will; and through these agencies is the 
warm and fluid blood fitted to receive its chemical 
xestoratives in the lungs, and the stomach to support 
changes for which it is designed — chemical also — by 
whi(£ more heat is liberated. Was digestion — Erema- 
^caufiSy as the slow combustion produced by combination 
with oxygen is called — ^the only source of animal heat, 
why should the injury of one filiay nerve place a member 
of the body for ever in the condition of stony coldness ? 
Or why, chemical action being most actively continued 
after a violent death, by the action of the gastric juices 
upon the animal tissues, should not animal heat be 
maintained for a much longer period than it is found to 
be after respiration has ceased ?* 

In studying the influences of caloric upon the con- 
ditions of matter, we must regard the effects of extreme 
heat, and also of the greatest degrees of cold which have 
been obtained. 

There are a set of experiments by the Baron Cagniard 
de la Tour, which appear to have a very important 

^ble calcalation he must have 500 pulsations a minute. Under 
such conditions it is quite clear man could not exist. There is 
no disputing the fact or the enormous appetites of these people ; 
but all the food is not removed from the system as carbonic 
acid gas. 

* An interesting paper by l>r. Davy, On the Temperature of Man, 
will be found in the Philosophical Transactions, vol. cxxxvi. p. 
319.— Sir Humphry Davy, in his Consolations in TVowl, or the Last 
Days of a Philosopher, in his fourth dialogue, The Proteus, has 
several ingenious speculations on this subject. 



bearing on some conditions that may be supposed to 
prevail in nature, particularly if we adopt the view 
of a constantly increasing temperature towards the 
centre of our earth. If water, alcohol, or ether, is 
put into a strong glass tube of small bore, the ends 
hermetically sealed, and the whole exposed to a strong 
heat, the fluid disappears, being converted into a trans- 
parent gas ; but, upon cooling, it is agam condensed, 
without loss, into its origiaal fluid state.* In this ex- 
periment, fluid bodies have been converted iuto elastic 
transparent gases with but small change of volume, 
under the pressure of their own atmospheres. We can 
readily conceive a similar result occurring upon a fer 
more extensive scale. In volcanic districts, at great 
depths, and consequently under the pressure of the 
superincumbent mass, the siliceous rocks, or even metals,, 
may, from the action of iutense heat, be brought into a 
fluid, or even a gaseous condition, without any change of 

* ExposS de quelques risultats ohtenus par V action combinie de la 
chaUur et de la compression snr certains liquides, tels que Veauy 
Talcool, TSther sulfurique^ et I essence de pStrole rectifiie : par M. le 
Baron Cagniard de la Tour. 
The three following conclusions are arrived at : — 
1. Que I'alcool a 36 degres, Tessence de petrols rectitiee a 4^ 
degres, et Tether sulfurique soumis a Paction de la chaleur et 
de la compression, sont susceptibles de se reduire completement 
en vapeur sous un volume un peu plus que double de celui de 
chaque liquide. 




sence ( 

citees, 

dans le meme espace*; qu*elle a seulement rendu sa dilatation plus 

calme et plus facile a suivre jusqu'ati moment ou le liquide 

semble s'evanouir tou^a-coup. ^ 

3. Que I'eau, qiioique susceptible sans doute d'etre reduite 
en vapeur trescomprimee, n'a pu etre soumise a des experiences 
completes, faute de moyens suffisans pour assurer Texacte ferme- 
ture de la marmite de compression, non plus que dans les tube» 
de verre dont elle altere la transparence en s'emparant de TaJcali 
qui entre dans leur composition. — Annales de Ghimie, vol. xxi. 
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Tolume, since the elastic force of heat is opposed by the 
rigid resistance of the pressure of the surrounding 
rocks. Some beautiful experiments by Mr. Hopkins, of 
Cambridge, have proved that the temperature neces- 
sary to melt a body must be considerably elevated as 
the mechanical pressure to which it is subjected is 
increased. 

Directly connected with the results of Cagniard de la 
Toot are a yet more remarkable set of phenomena, 
which have been investigated by M. Boutigny,* and 
generally known as the " spheroidal condition '^ of bodies. 
If water is projected upon very hot metal it instantly 
assumes a spheroidal form— an internal motion of its. 
particles may be observed — ^it revolves with rapidity, 

* Swr Us pMnom^nes qui prSsentent Us corps prqjeiSs sur des 
surfaces chaudes: par M. Boutigny (d'Evreux). — Annales de 
Chunie et de Physique, vol. xi. p. 16. CongHation du mercure en 
trois secondeSy en veriu de Vitat sphirodial dans un creuset incande- 
scent : by M. Faraday. — Ibid., vol. xix. p. 883. 

Spheroidal Condition of Bodies (Extrait d'une Note de M. 
Boutigny d'Evreux). 

" Au nombre des proprietes des corps a I'etat spheroidal, il en 
est cinq qui me paiaissent caracteristiques et fondamentales, et 
c*est sur ces cinq proprietes que je base la definition que je 
soumets aujourd'hui au jugement de rAcad^mie. ; Ces cinq pro- 
pri^t^s sont :— 

'' 1 . La forme arrondie que prend la matiere sur une surface 
chaufiee a une certaine temperature. 

'* 2. Le fait de la distance permanente qui existe entre le corps 
k I'etat spheroidal et le corps spheroidalisant. 

'* 3. La propriete de r^flechir le calorique rayonnant 

"4. La suspension de Taction chimique. 

" 5. La fixit6 de la temperature des corps a I'etat spheroidal. 

*• Cela pose, voici la definition que je propose : un corns projete 
sur une surface chaude est a I'etat spheroidal quand il revet la 
forme arrondie et qu'il se maintient sur cette surface au dela du 
rayon de sa sphere d'activite physique et chimique ; alors il 
re&echit le calorique rayonnant, et ses ipoiecules sont, quant a la 
chaleur, dans un etat d'equilibre stable ; c'est-a-dire, a une tem- 
perature invariable, ou qui ne varie que dans des limites etroites.'* 
— Gomptes Bendus, G Mars, 1848. 
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and evaporates very slowly. If a silver or platinnm 
capsule, when brought to a bright red lieat, is fiUed witih 
cold water^ the whole mass assumes the spheroidal 
state^ the temperature of the fluid remaining consider- 
ably below the boiling pointy so long as the red heat is 
maintained. If we aUowthe vessel to cool below red- 
ness in the dark^ the water then bursts into active 
ebullition^ and is dissipated into vapour with almost ex- 
plosive violence. An equal quantity of water being 
projected into two similar vessels, over the fire, one cold 
and the other red hot, it will be foimd that the water in 
the cold vessel will boil and evaporate long before that 
in the one which is red hot. 

Another form of this experiment is exceedingly in- 
structive. If a mass of white hot metal is suddenly 
plunged into a vessel of cold water, the incandescence is 
not quenched, the metal shines with a bright white 
light, and the water is seen to circulate around, but at 
^ome distance &om the glowing mass, being actually 
repelled by calorific agency. At length, when the 
metal cools, the water comes in contact with it, and 
boils with energy. 

A result simHar to this was observed by Perkins, but 
its correctness most unjustly doubted. Having made an 
iron shell containing water, and carefully plugged up, 
white hot, it was found that the steam never exerted 
sufficient force to burst the vessel, as it was exp^ted it 
would do. He caused a hole to be drilled into the 
bottom of the white-hot shell, and he was surprised to 
find that no water flowed through the orifice, until the 
iron was considerably cooled, when it issued forth with 
violence in the form of steam. Here we have the 
C^iffniard de la Tour state first induced, and the calorific 
lepolsion of the spheroidal state supervenes. If water is 
poured upon an iron sieve, the wires of which are made 
red hoty it will not percolate; but. on cooling, it runs 
.through rapidly. M. Boutigny^ pm^ming this curious 
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inqpurj^ lias recently proTed that the moisture upon the 
skm is sufficient to protect it firom disorganization, if 
the arm is plunged into baths of melted metal. The 
resistance of the sm&ees is so great, that little eleyation 
of temperature is experienced.'*' Professor Plucker, of 
Bonn, has stated that ]by washing the arm with ether 
previously to plunging it into melted metal, the sensation 
produced, while in the molten mass, is that of fiteeiing 
coldness. 

We have now seen that heat at different degrees of 
intoisity appears to produce chemical composition — 
that it decomposes combined elements — that it alters 
the conditions of bodiesi, and actually maintains so 
powerfully a repellent force, that fluids cannot tondi 
ihe heated body. More than this^ it exerts a most 
powerful antagonistic influence over all chemical rda- 
tiims. It, to give one example, the volatile element 
iodine is put into a glowing hot capsule, it resolves itself 
immediately into a spheroid. Potash rapidly combines 
with iodine; but if a piece of this alkali is tlurownupon 
it in the capsule, it also takes the spheroidal form^ and 
both bodies revolve independently of each other, their 
chemical affinities being entirely suspended; — ^but allow 
the capsule to cool, and they combine immediately* 
Science teaches us that a temperature so exalted as not 
to bum organic bodies may be produced, and points to 
us this remarkable &ct, that the destructive limits of 
heat are measured between certain degrees — ^beyond 
which a fire^ by reason of its intensity, ceases to 
develope heat. What is the radiant force into which this 
principle changes? 

The experiments of Cagniard de la Tour and of 
Boutigny (d'Evreux), connect themselves, in a striking 

* Some Facts relative to the Spheroidal State qfBodiee, Fire 
Ordeal, Incombustible Mami ^c: by P. H. Boutigny ^d*Evreux)» 
Philosophical Magazine, No. ^33 (third series), p. 80 ; Comptes- 
Bendus, May 14, 1849. 



110 EXTREME COLD ARTIFICIALLY PRODUCED. 

manner^ with those of Mr. Grove and Dr. Robinson; 
and they teach us that but a very slight alteration in the 
proportions of the calorific prmciple given to this planet 
would completely change the character of every material 
substance of which it is composed, unless there was an 
alteration in the physical condition of the elements 
themselves. 

Supposing the ordeal of fiery purification to take 
place upon this earth, these experiments appear to indi- 
cate the mighty changes which would thence result. 
There would be no annihilation, but everything would 
be transformed fii'om the centre of the globe to the vei^ 
of its atmosphere— old things would pass away, all 
things become new, and the beautiful mythos of the 
phoenix be realized in the fresh creation. 

The deductions to be drawn from the results obtained 
by abstracting heat from bodies are equally instructive. 
By taking advantage of the cooling produced by the 
rapid solution of salt* of several kinds in water, an 
intense degree of coldness may be produced.* Indeed, 
the absorption of heat by liquefaction may be shown by 
the use of metallic bodies alone. If lead, tin, and 
bismuth, are melted together, and reduced to a coars^ 
powder by being poured into water, and the alloy then 
dissolved in a large quantity of quicksilver, the thernia- 
meter .will sink nearly 50 degrees. An intense amount 
of cold will result from the mixture of muriate of lime 
and snow, by which a temperature of 50° below the zero 
of Fahrenheit, or 82° below the freezing point of water, 
is produced. By such a freezing mixture as this. 



* The theory of freezing mixtures is deduced from the doctrine 
of latent caloric. These are mixtures of saline substances which, 
at the common temperature, by their mutual chemical action, pass 
rapidly into the fluid form, or are capable of being rapidly 
dissolved in water, and, by this quick transition to fluidity, absorb 
ealoric, and produce degrees of cold more or less intense. — Rev. 
Francis Lunn, On Heat : Encyclopaedia Metropolitan a. 
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mercury wiU be rendered solid. A degree of cold, how- 
>ever, far exceeding it, has lately been obtained by the 
use of solid carbonic acid and ether.* Solid carbonic 
acid is itself procured from the gas liquefied by pressure ; 
-which liquid, when allowed to escape into the air, 
evaporates so rapidly that a large quantity of it is con- 
cealed by being robbed of its combined heat by the 
^vaporizing portion. When this solid acid is united with 
ether, a bath is formed in which the carbonic acid will 
lemain solid for twenty or thirty minutes. By a mix- 
ture of this kind, placed under the receiver of an air- 
"pamp, a good exhaustion being sustainec^ a degree of 
cdli 166° below zero is secured. By this intense cold, 
many of the bodies which have hitherto been known to 
us only in the gaseous state have been condensed into 
ii^ds and solids. Olefiant gas, a compound of hydro- 

Si and carbon, was brought into a liquid form. Hy- 
odic and hydrobromic acids could be condensed into 
cither a liquid or a solid form. Phosphuretted hydro- 
gen, a gas which inflames spontaneously when brought 
llttto contact with the air or with oxygen, became a 
ItaBLsparent liquid at this great reduction of temperature. 
43iiI{^urous acid may be condensed, by pressure and a 
feduction of temperature, into a liquid which boils at 14° 
Fahrenheit, but by the carbonic acid bath it is converted 
into a solid body, transparent and without colour. Sul- 
phuretted hydrogen gas solidifies at 122° below zero, and 
forms a white substance resembling a mass of crystals 
txf sea>salt. 

A combination of the two gases, chlorine and oxygen, 
becomes solid at — 75°, and the protoxide of nitrogen at 
— 150°. Cyanogen, a compound of carbon and nitro- 
gen — ^the base of pnissic acid — is solidified at 30° below 



♦ ProprieUs de TAcide Carbonique liquide, par M. Thilorier; 
Annales de Ghimie, vol. Ix. p. 427. Solidification de V Acids Car- 
boiUque: Ibid. p. 432. 
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the zeto of our thermometric scale. The wdU-knoim 
pungent compound^ ammonia^ so exceedingly volatile at 
common temperatnres, is oonverted into a crystalling 
translucent, white substance at the temperature of 
— 1Q8P. The difficulties which necessarily attend the 
exposure of a body to extreme cold and great pressure 
at the same time^ appear to be the only obstacle to the 
condensation of oxygen^ hydrogen^ and joitrogen gases. 
A sufficient* amount (k condensatioA was^ howeyer, 
effected by Dr. Faraday^ to lead him to the ccmclusiony 
arrived at also by other evidences, that hydrog^i^ the 
lightest of the ponderable bodies, partakes of the nature 
of a metal.^ 

Dining the solidification of water by freeKii^, some 
remarkable £Eu;ts may be noticed. 

Water, in cooling, gradually condenses in volume 
until it arrives at 40^ Fahr., which appears to be the 
point of greatest density. From this temperature t» 
that of S2^, the point at which it begins to solidify^ its 
volume remains unchanged,* as crystallisation (freezing) 
begins, the bulk increases, the mass becomes spedficaily 
lighter, and it swims on the sur&ce of the fluid. From 
4fO° to S2^ the particles of water must be taking up 
that new position which is essential to the formation <^ 
the solid— ice; and while this is taking {dace^ every 
substance held in solution by the water is rejected. 

If we mix with water the deepest colouring matter 
— ^thc strongest acid or the most acrid poison — ^they are 
each and all rejected during the process of freesringj and 
if the water has been kept in a state of agitation during 
the process — so that the liberated particles may not be 
medbeanically entai^led — the ice will be transparent, 
colourless, tasteless, and inert — ^the substances rejected 
being gathered together in the centre of the frozen mass 

* (h the LiqutfttcHtm and Soliili/icuUon af Bodies s^nermlly 
existing as Oases, by Michael Faraday, D.O.L., F.R.S^ &c.; PWlo- 
sophical Transactions^ vol. cxxxvi, p. 155. 
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in a state of intense concentration. In like manner, 
even tiie atmospheric air, which is always held in solu- 
tion^ is rejected, and hence the reason why all the ice 
which forms upon still ponds is full of air-bubUes, while 
the ioe which is produced in agitated water is pofectly 
firee firom them. This in itself is a remarkable condition, 
the entire bearing of which is not clearly understood; 
but a stiQ more singular fact has been discovered in 
intimate connection with the rejection of all matter fix>m 
a fireesing solution. Water, whic^ in this way is freed 
entiretfr of air, will not boU at 212^ F., the ordinary 
boiling point of water. 

If a mass of ice formed in the manner described is 
jdaoed in a vessel, and being just covered with a film of 
oil, to prev^it the absorption of air, is melted over a 
lamp or fire, and the heat continued, it will, so far firom 
being converted into steam at 212^, continue to increase 
in temperature up to 270^ or more, and then burst into 
ebullition with such explosive violence as to rend the 
vessel in which it is confined. 

From this experiment we learn that did water exist 
in any other condition than that in which we find it — 
even with tbe apparently simple difference of containing 
no air — ^it would not be safe to employ it in any culinary 
or manufacturing operation, since its use woiild be fol- 
lowed by explosions as dangerous as those of gunpowder. 

Such researches as these prove to us the admirable 
adaptation of all things to their especial ends — ^the beau- 
tiful adjustment of the balance of forces throughout 
creation. 

The refinements of Grecian philosophy saw, without 
the aids of inductive science, that the outward vesture of 
nature covered a host of mysterious agencies to which 
its characteristics were directly due. In their dream of 
the four elements, fire, the external and visible form of 
heat, was regarded as the cause of vitality, and the 
disposer of every organised and unorganis^ condition 
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of matter. Their idealisatioiis have assumed another 
form^ but the researches of modem science have only 
estabHiAed their muyarsality and truth. 

The great ag^its at work in nature — tiie m^tj 
s]Mrits bound to never-aiding tasks^ which thej pursue 
with imremitting toil, are of so refined a character, that 
they wiD probaWy remain for ever unknown to ns* Tlie 
arch-evocator, with the wand of induction, calls ; but 
the only answer to his evocation is the manifestation of 
power in startliz^ effects. Science pursues her inqmries 
with zeal and care : she tries and tortures nature to 
compel her to reveal h6r secrets. Bounds are, how- 
ever, set to the powers of mortal search : we may not yet 
have reached the limits within which we are free to 
exercise our mental strength ; but, those limits reached, 
we shall find an infinite region beyond us, into which 
even conjecture wanders ey^ess and aimless, astheUind 
Cyclops groping in his melancholy cave.* 

All we know of heat is, that striking cffiBcts iae pro- 
duced which we measure by sensation, and by instru* 
ments upon which we have observed that given results 
will be produced uiider certain conditions ; of anything 
approaching to the cause of these we are totally igno- 
rant. The wonder-working mover of some of the 
grandest phenomena in nature — giving health to the 
<wganic world, and form to the inorganic mass — -pro- 
ducing gaiis^ gales and dire tornadoes — earthquake 
stragglings and volcanic eruptions — ministering to our 
com^Mrts in the homely fire, and to advancement in 
civilisation in the mighty fumacfe, and the ingemous 
engine which drains onr mines, or traverses our country 
with bird-like speed, — ^will, in aD probability, remain for 
erer unknown to man. The immortal Newton, many 
of whose guesses have a prophetic value, thus expiesses 
himself:^ — ^ Heat consists in a minute vibratory motioa 
in the particles of bodies, and this motion is communi- 

* Bums, in one of hU most natural snd psthetio letters. 



NBWTON^S THBOST. IIS 

«tttod ftroo^ wm aqppaient Tacmim by Ae undulaAkms 
of a yery subtile ekistic medium, which is also oonoemed 
in the phenomena of light.'' 

Our experimental labours and our mathematical 
investigations haye considerably adyanced our know- 
ledge amoe tiie time erf Newton ; yet still each ibeory of 
heat fltan^j resembles the mystic lamp which the 
BofflcnMaan regarded as a type of eternal life — a dim 
and flickering symbol, in the tongue-like flame of whidi 
imaginationy like a duld, can conjure many shapes. 

Modem theory regards heat as a manifestation of 
motion, and experiment proyes that a body fidlii^ 
through a certain space generates a definite quantity ct 
heat^ while obseryation shows that the waters at the 
base of the Falls of Niagara possess a temperature 1^ 
higher than when they first glide oyer the edge of tiie 
prjBcipioe. 

Tim increase of temperature is due to the mechanical 
force due to the fiedl, and is no more an eyidcnce of the 
^conyersion of motion into heat, than is the old experi^ 
ment of rubbing a button until it becomes hot. At all 
eyents, the fact that a given amount of mechanical force 
always produces an equivalent of heat is as applicaUe to 
the idea of a ^^ subtile elastic medium'' which is difiiised 
through all matter, as to the, at present, favonrite hypo^ 
thesis. 

So far has tiiis view been strained, that the tempera* 
ture of the (Janets has been referred to their motions, 
and speculaticm has aided the mathematician in deter- 
mining the cessation Of planetary motion, by the conver- 
sicm of it into heat. It is true that other theorists have 
supposed points in space upcm^ which this heat might be 
-eoncentrated and reflected back again to produce motion. 

There mfiy be much of the poetic dement in socfa 
.^^ulations, but it is of that order which belongs rather 
to the romantic than to the real. 

A speculaticm whidi has ntore of truth, and which is. 
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indeed; demonstrable^ eannot fail to impress every mind 
with its beauty, and probable correctness. 

In the growth of a tree, its wood and all its products, 
are the result of certain external forces effecting chemi- 
cbI changes. Carbonic acid is decomposed, the carbon 
is retained, and oxygen given off, and assimilations of a 
complex character are in constant progress to produce 
the various compounds of oxygen, hydrogen, nitrogen^ 
and carbon. . ' 

Every condition of organised forms is due to the exter- 
nal excitation of hght and heat, and in the chemical 
changes which take place, an equivalent of these prin- 
ciples, or powers — it signifies but little according to which 
view we may r^ard them — is absorbed, and retained as 
essential to the condition of the matter formed. Let us 
confine our attention to wood — although the position 
i^pplies equally to every organic product. A cubic foot 
of wood is formed l^ the decomposition of a certain 
quantity of carbonic add, by the vital fdnction of the 
plant, excited by the solar rays, which are involved in 
the mass which nature by " her wondrous alchemy^^ has 
made. Eventually this cubic foot of wood is subjected 
to a process of chemical change — combustion ; by the 
application of a single spark, — and in the disintegration 
of the wood, its carbon combining with oxygen to fonn 
carbonic acid, its hydrogen to form water, which is re- 
turned to the air, a large amount of light and heat is pro- 
duced. This is exactly equivalent to the amount which 
was engaged in its formation. Indeed, the sunshine which 
fell upon the leaves of the forest tree, of which the log^ 
formed a part, has been hoarded up, and we again deve- 
lope it in its original state of heat and light. 

Tlie vast coai beds of England were formed by the 
rapid growth and quick decay of a peculiar class of 
plants under the influence of a tropical sun. They have 
been buried myriads of ages, imder hundreds of feet of 
sandy rock. By the industry of the miner the coal 
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is brought again to the snrfiEu^e, and we devdope firom 
it thoee powers by which it was formed. 

In the fire which gives comfort to our homes — in the 
furnace which generates force for the purposes of mann- 
fEUiture^ or to propel the railway engine and its pon- 
derous train — in the gas with which we illiunine our streets 
and gladden during the long winter nights our apart- 
m^its^ we are developing that heat and light which fell 
npon'the earth with all its quickening influences mil- 
lions of ages before yet the Creator had called into 
existence the monarch Man^ for whose necessities these 
wondrous formations were designed. 
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CHAPTEEVII. 

LIGHT. 

Theories of the Nature of Light— Hypol^aMieB of Nevton and 
Huygens— Sources of Light — The Suu— Velocity of Light — 
Transparency— Dark Lines of the Spectrum — Absorption of 
Light— Colour — Prismatic Analysis — Rays of the Spectrum 
—Bainhow— Diffraction — Interference— Goethe's Theory — 
Polarisation — Magnetisation of Light — Yisiou — The Eye 
— Analogy— Sound and Light — Influence of Light on 
Animals and Vegetables — Phosphorescence arising from 
several Causes — Artificial light — Its Colour dependent on 
Matter. 

Light, the first creation, presents to the enquiring^ 
mind a series of phenomena of the most exalted cha- 
racter. The glowing sunshine, painting the earth with 
all the brilliancy of colour, and giving to the landscape 
the ipimitable charm of every degree of illumination, 
from the grey shadow to the golden glow; — ^the calm of 
evening, when, weary of the " excess of splendour,'' the 
eye can repose in tranquillity upon the "cloud-land'' 
of the west, and watch' the golden and the ruddy hues 
fade slowly into the blue tincture of night ; — and the 
pale refulgence of the moon, with the quiet sparkle of 
the sun-lit stars, — all tend to impress upon the soul, the 
great truth that, where there is light, organisation and 
life are found, and beyond its influence death and silence 
hold supreme dominion.* Through all time we have 

* " These — oxygen, hydrogen, nitrogen, and carhon — are the 
four hodies, in fact, which, becoming animated at the fire of the 
sun, the true torch of Prometheus, approve themselves upon the 
earth the eternal agents of organisation, of sensation, of motion, 
and of thought." — Dumas, Legoris de Philosophic Chimique, p. 100, 
Paris, 1837. 
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eYidenoes that this lias been the prevailing feeling of the 
human xaoe^ deriyed, of course^ from th&r observation of 
the natural phenomena dependent upon luminous agency. 
In the myths of every country^ impersonations of light 
prevail^ and to these are referred the mysteries of the 
perpetual renewal of life on the surface of the earth. 

This presentiment of a {Philosophic truth, in the in- 
stance of the poet sages of intellectual Qreece, was ad- 
vanced to the highest degree of refinement; and the 
sublime exclamation of Plato : '^ Light is truth, and Gk>d 
is lighV^ approaches nearly to a divine revelation. 

As the medium of vision — as the cause of colour — as 
a power influencing ii^ a most striking manner all the 
SdmA of organisation around us, light presented to the 
inquiiing minds of all ages a subject of the highest 
interest 

The ancient philosophers, althoi^h they lost them- 
selves in the metaphysical subtleties of their schools, 
' could not but discover in light an element of the utmost 
impcntance in natural operations. The alchemists re- 
garded the luminous principle as a most subtile fluid, 
capable of interpenetrating and mingling with gross 
matter: gold being supposed to difier from the baser 
metals only in containing a larger quantity of this ethe- 
real essence.* Modem science, after investigating most 

* It will be found in examining any of the works of the alche 
mists, — particularly thofte of Geber, De mveniendi arte Auri et 
Argentit and his De AlchemiA; Roger Bacon's Opus Majus, or 
Alchymia Major: Helvetius* Brief of the Golden Calfj or Basil 
Valentine's Currus TViumpkaHs, — that in the processes of transmu- 
tation the solar light was supposed to be marvellously effective. 
In Boyle's Sceptical Chemist the same idea will be found pervad- 
ing it. 

Amid all theh* errors, the alchemists were assiduous work- 
men, and to them we are indebted for numerous facts. Of them, 
and of their age, as contrasted with our own. Gibbon remarks : 
— " Congenial to the avarice of tho human heart, it was studied in 
China, as in Europe, witb equal eagerness and equal success. The 
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attentively a greater number of the phenomena of lights 
has endeavoured to assist the inquiry by the aid of 
hypotheses. Newton, in a theory, which exhibits the 
refined character of that great philosopher's mind, sup- 
poses luminous particles to dart from the surfaces of 
bodies in all directions — ^that these infinitely minute par- 
ticles are influenced by the attracting and repelling forces 
of matter, and thus timied back, or reflected, from their 
superficies in some cases, and absorbed into their inter- 
stitial spaces in others. 

Huyghens, on the contrary, supposes light to be caused 
by the waves or vibrations of an infinitely elastic medium 
— ^Ethee— diflpQsed through all space, which waves are 
propagated in every direction from the luminous body. 
In the first theory, a luminous particle is supposed actu- 
ally to ^come from the sun to the earth; in the other, 
the $un only occasions a disturbance of the ether, whidi 
extends with great rapidity, in the same mannar as a. 
wave spreads itself over the surface of a lake. 

Nearly all the fax^ts known in the time of Newton, 
and those discovered by him, were explained most 
satis&ctorily by his hypothesis ; but it was found th^ 
could be interpreted equally as the efiects of undulation, 
with the exception of the production of colour by pris- 
matic refraction. Although the labours of many 
gifted minds have been given, with the utmost devotion, 
to the support of the vibratory theory, this simple fact 
has never yet received any satisfactory explanation ; and 
there are numerous discoveries connected with the mole- 
cular and chemical disturbances produced by the sun's 

darkness of the middle ages ensured a favourable reception to 
every tale of wonder ; and the revival of learning gave new vigour 
to hope, and suggested more specious arts of deception. Philoso- 
phy, with the aid of experience, has at length banished the study 
of alchemy; and the present age, however desiious of riches, is 
content to seek them by the humbler means of commerce and in- 
dustry." — Decline and Fall, vol. ii. p. 137. 
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rays, which do not appear to be explained by the hypo- 
theflis of emission or of undulation. 

In both theories a wave motion is admitted^ and every 
fict renders it probable that this mode of progression 
applies not only to lights but to the so-called tmponcfer- 
oblefwttB in general. Admitting, therefore, the imdu- 
latcxET movement of luminous rays, we shall not stop to 
consider those points of the discussion which have been 
80 ably dealt with by Yoimg, Laplace, Fresnel, Biot, 
Frauenhofer^ Herschel, Brewster, and others, but pro- 
ceed at once to consider the sources of light, and its 
more remarkable phenomena.* 

The sun is the greatest permanently luminous body 
ire are acquainted with, and that orb is continually pour- 
ing off light from its surface in all directions at the rate, 
tiiioiigii uie resisting medium of space and of our own 
atmoi^ere, of 192,000 miles in a second of time. It has 
been odcolated, however, that light would move through 
a vacuum with the speed of 192,500 miles in the same 
period. We, therefore, learn that a ray of light requires 
eight minutes and thirteen seconds to come from the sun 
to us. In travelling from the distant planet Uranus^ 
nearly three hours are exhausted ; and from the nearest 

* On the two theories the following may be consulted : — Young, 
Smtplement to Encyclopedia Britanmca, article Chromatics s Fres- 
[ nd, SoppUtnent d la Tradwtum Frangaise de la bieme Edition du 
Traiti de Chimie de Thomson, par Riffault, Paris, 1822 ; Herschers 
Article, Light, in the Encyclopaedia Metropolitana, and the French 
Translation of it by Quetelet and Verhulst ; Airy's Tract on the 
Vndulatory Theory, in his Tracts, 2nd edition, Cambridge, 1831 : 
Powel, The Undulatory Theory applied to Dispersum, &c. p. 184 ; 
lioyd's Lectures, Dublin, 1836-41 ; Cauchy, Sur le Mouvement des 
Corps ilastiques, Memoires de Tlnstitut, 1827, vol. ix. p. 114; 
Thiorie de la Lumidre, Ibid. vol. x. p. 293 ; M'Gullagh, On Double 
Refraction, Ibid., vol. xvL ; Geometrical Propositions applied to the 
Wave Theory qf Light, Ibid., vol. xvii. ; Sir David Brewster's 
papers in the Transactions of the Eoyal Society of Edinburgh, and 
the Philosophical Magazine. 
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of the fixed stars each ray of light leqcuynes more than' 
six years to traverse the intenrening space between it 
and tibe earth. Allow the mind to advanoe to the 
regions of nebulae^ and it will be found that hundreds oi 
years most glide away during the passage of their radia- 
tions. Consequently, if one of those masses of mattei; or 
eren (me of the remote fixed stars, was ^^ blotted out of 
heayen^^ to-day^ several generations of the finite inhahi* 
tants of this world would £Bide out of time before the 
obliteration could be known to man. Here the immeo- 
aity oi space assists us in our conception, limited thou^ 
it be, of the for-ever of eternity.* 

All the planets of our system shine witii reflected 
fight, and the moon, our satellite, also owes her silveiy 
liutre to the sun^s radiations. The fixed stars are^ in 
all probability, suns shining from the far distance of 
space, with their own self-emitted lights. By the pbo* 
tometric researches of Dr. WoUaston, we learn, however,> 
that it would take 20,000 millions of such orbs as Sirius, 
the brightest of the fixed stars, to afford as mudb light 
as we derive &om the sim. The same observe has 
proved that the brightest effulgence of the full moon is 
yet 801,072 times less than the luminous power of our 
solar centre. 

* Results of Astronomical Observations made during the years^ 
1834-38, at the Cape of Good Hope, ^c. By Sir John Herschd, 
Bart, K.H., D.C.L., F.R.8.— " In the contemplation of the infi- 
nite, in number and in magnitude, the mind ever fails ns. We 
stand appalled before this mighty spectre of boundless space, and 
faltering reason sinks under the load of its bursting conceptions. 
But, placed as we are on the great locomotive of our system, des- 
tined surely to complete at least one round of its ethereal course, 
and learning that we can make no apparent advance on our side- 
real journey, we pant with new ardour for that distant bourne 
which we constantly approach without the possibility of reaching 
it. In feeling this disappointment, and patiently bearing it, let us 
endeavour to realise the great truth from which it flows. It cannot 
occupy our mind without exalting and improving it."— ^w*/).. 
Brewster : North British Review 
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t3ie inltiTiton of modem science area Ixdd race; not 
oontaited with endeaYOurmg to understand the ^ jncal 
earthy they are endeayouiing to comprehend the condi- 
tion of tiie fiohur snr&ce. The mind of man can pene- 
trate tsr into nature, and, as it were, fed out the mys- 
terifis of untrayersed space. The astronomer learns o£ 
a peculiar condition of hght, which is termed polariaa- 
tiim, and he learns by ihis, too, that he can determine if 
from a bright luminous disc the light is derived from a 
solid mass in a state of intense ignition, or from yapoor 
in an incandescent condition. He adds a polarising ap- 
paratus to his telescopes, and he determines Ihat ihe 
nght we derive ftom the sun is due to an envelope of 
vapour — burning, in all probability — only with greater 
intensity, as the gas which we now employ. This Pho^ 
to$pkere — as it has been called by the late Frendi philo- 
sopher Arago, is found to be subjected to violent disturb- 
ances, and tbs dark spots seen on the sun^s disc are now 
known to be opaiings through this mysterious envelope 
of light, which enable us to look in upon the dark body 
of the sun itself. 

Luminous phenomena may be produced by various 
means — chemical action is a source of light ; and, under 
several circumstances in which the laws of affinity are 
strongly exerted, a very intense luminous effect is pro- 
duced. Under this head all the ph^iomena ci combos- 
turn are included. In the electric spark we have the 
development of light ; and the arc which is formed 
between charcoal points a the poles of a powerful voltaic 
battery affi>rds us the most intense artificial illimiination 
with which we are acquainted. In addition to these, we 
have the peculiar phenomena of {diosphorescenoe arising 
from chemical, calorific, electrical, actinic, and vital ex- 
citation, all of which must be particularly examined. 

From whatever source we procure light, it is the same 
in character, differing only in intensity. In its actioiL 
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upon matter, we have the phenomena of transmission, of 
jretiection, of refiraction, of colour^ of pokriBationj and of 
vision, to engage our attention- 

A beam of wliite hght falls upon a plate of coloiu*less 
glass, and it passes freely through it^ losing but little of 
its intensity j the largest poi-tion being lost by reflection 
from the first siirii\ce upon which the light impinges. If 
the glass is roughened by grinding, we lose more liglit 
by absorption and by reflection from the asperities of 
the roughened surface ; but if ^ve cover that face with 
any oleaginous fluid j as, for instance^ turpentine, ita 
transparency is restored. We have thus direct proof 
that transparency to light is due to molecular condition. 
This may be most strikingly shown by an interesting 
experiment of Sir Da%id Brewster's : — 

If a glass tube is filled witli nitroiia acid vapour^ Mhich 
ia of a dnU red colour, it admits freely the passage of 
the red and orange rays with some of the others^ and^ if 
held upright in the snnshincj casts a red shadow on the 
ground ; by gently warming it with a spirit-lamp, whilst 
in this position, it acquires a nnich deeper and blacker 
colour, and becomes almost impervious to any of the 
rays of light ; but upon cooling it again recovers its 
transparency. 

It has also been stated by the same exact experimen- 
talist, that hai-ing brought a purple glass to a red heat, 
its transparency was improved, so that it transmitted 
green, yellow, and red rays, which it previously ab- 
sorbed ; but the glass recovered its absorptive powers as 
it cooled- A piece of yeUowish-green glass lost its 
transparency almost entirely by being heated. Native 
yellow orpiment becomes blood-red upon being warmed, 
when nearly all but the red rays are absorbed ; and pure 
phosphorus, which is of a pale yellow colour^ and trans- 
mits freely aU the coloured rays upon being melted, be- 
comes very dark, and transmits no light. 



ABSOAPTION OF LIGHT. 125 

Chemistry affords numerous examples of a very slight 
change of condition^ producing absolute opacity in fluids 
which were previously diaphanous.* 

Charcoal absorbs all the light which falls upon it^ but 
in some of its states of combination^ and in the diamond, 
which is pure carb on, it is highly transparent. Gold 
and silver beaten into thin leaves are permeated by the 
green and blue rays, and the metals in combination with 
acids are all of them more or less transparent. What 
becomes of the light which falls upon and is absorbed 
by bodies, is a question which we cannot yet, notwith- 
standing the extensive observations that have been made 
by some of the most gifted of men, answer ^atisfactorihr. 
In all probability, as already stated, it is permanently 
retained within their substances ; and many of the expe- 
riments of exciting light in bodies when in perfect dark- 
ness, by the electric spark and other means, appear to> 
support the idea of light becoming latent or hidden. 

No body is absolutely transparent; some light is lost 
in passing even through ethereal space, and still more in 
traversing our atmosphere. 

Amongst the most curious instances of absorption is 
that which is uniformly discovered in the solar spectrum, 
particularly when we examine it with a telescope. We 
then find that the coloured rays are crossed by a great 
number of dark bands or lines, giving no light ; these 
are generally called Fraunhofer's dark lines, as it was to 
the indefatigable exertions of that experimentalist, and 
by the aid of his beautiful instruments, that most of them 
were discovered and measured, and enumerated, although 
they were previously noticed by Dr. Wollaston. It is 
quite clear that those Hues represent rays which have 

* For examples of this, consult Graham's Elements of Che- 
misiry ; Brahde's Maimal of Chemistry: or, indeed, any work 
ti-eating of the science. The formation of ink, by mixing two 
colourless solutions, one of gallic acid and another of sulphate of 
iron, may be taken as a familiar instance. 
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l)6en absofbed in tiiOT passage fimn the smi to tiie eai^ 
aithoii^ some of them, have no doubt midei^one ab- 
sorption within the limits of Hie earth's atmosj^ere^ we 
hare eirory- reason to believe^ with Sir John Herschd, 
that the principal aba(»ption tt^es place in the atmos- 
phere of the son.* 

It has been proved by Dr. Miller/ that the number of 
those dark lines is continually yar3dng with the altera- 
tion of atmospheric conditions ;t and the evidences 
which have be^ afforded^ of peculiar states of absorp- 
tion by the gaseous envelope of the earthy — dming the 
prosecution of investigations on the chemical agencies 
of the sun's rays. — are of a sufficiently coBfvincing cha- 
racter. 

It has been calculated by Bougner^ that if our atmos- 
phere in its purest state^ could be eictended rather more 
than 700 miles from ihe earth's surface instead of nearly 
40^ as it is at present^ the sun's rays could not penetrate 

• SRr John Herschel, in his paper On the Chemical Action of the 
Rays of the Solar Spectrum on Preparations of Silver, remarks that, 
'* it may seem too hazardous to look for the cause of this very sin- 
gular phenomenon in a real difference between the chemical agen- . 
cies or those rays which issue from the central portion of the sun's 
disc, and those which, emanating from its borders, have undergone 
the absorptive action of a much greater depth of its atmosphere; 
and yet L confess myself somewhat at a loss what other cause to 
assign for it It must suffice, however, to have thrown out the 
bint; remarking only, that I have other, and, I am disposed to 
think, decisive evidence (which will find its place elsewhere) of the 
existence of an absorptive solar atmosphere, extending beyond the 
luminous one. The breadth of the border, I should observe, is 
small, not exceeding 0*6 or } part of the sun's radius, and Uiis, 
from the circumstances of the experiment, must necessarily err in 
excess." — Philosophical Transactions, 1840. 

f Experiments and Observations on some Cases of Lines in the 
Pfimntific Spectrmnj produced by the passage of Light through 
Cbkmred Vapours and Gases% and from certain Coloured Flames. 
By W. A. Miller, M.D.. P.R.S., Professor of Chemistry in King's 
CfollDgv, London. — Philosophical Magazine^ vol, xxvii. 
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it, nd Hob globe wmM roll on in darknev and silence, 
witbont a Testige of vegetable fonn or of animal life. In 
tike Hebrew v^6rsi<Mi of the Mosaic History, the reading 
is, " Let li^it appear :^^ may not this really mean that 
the earth's atmosphere was so cleared of obstmcting 
vaponrs, that the solar rays were enabled to reach the 
earth? The same calculation supposes that sea-water 
loses all its transparency at the depth of 730 feel ; but 
a dim twilight must prevail much deeper in the ocean. 

The restturdies of Pn^essor Edward Forbes have 
proved, that at the depth of 230 fathoms in the ^gean 
sea, the few shelled animals that exist are colourless : no 
pimts are found within that zone ; -and that industrious 
naturalist fixes the zero of animal life of those waton at 
about 300 fathoms.^ Since these zones mark the rapidly 
diminishing light, it is evident that where life ceases to be 
must be bqFond the limits to which life can penetrate* 

* Rep&rt en the MoUusca and Radiata of tke JSgean Sea, and 
on their distribuiiont considered as bearing on Geology, By £dw8rd 
Forbes, F.R.S.,&c. — Reports of the British Association, vdL xii. Pro- 
fessor Forbes remarks : — " A comparison of the testaceft, and other 
aainBals of the lowest zones, with those of Hie higher, exhibits a 
very great distinction in the hues of the species, those of the 
depths being, for the most part, white or colourless, while those of 
the higher regions, in a great number of instances, exhibit brilliant 
combinations of colour. The results of an enquiry into this sul>- 
ject are as follows : — 

" The majority of shells of the lowest looe are white or trans- 
parent ; if tinted rose is the hue, a Tery few exhibit markings <^ 
another colour. Tn the seventh region, white species are alsa 
very abundant^thoogb by no means forming a proportion so great 
aff the eighth. Brownish red, the proFatent hue of the Wacbio- 
poda, also gire? a charaeter of cokmr to the fauna of this zone; 
the Crustacea found in it are red. In the sixth zone the eioloura 
become brighter, reds and yeDows |nre¥Mliog,->geBeniIly, how- 
eTer, unHbrmly coloarinif the sh^l. In t^e filtb reg^ uany 
species are banded or efooded with ▼arious combiaatione of celours, 
and the number of white speeies has greatly dtrainisbeiL la the 
fourth, purple hoes are fre<|iieift, tnid oontvasla of colour common. 
In the second and third, green and blue tints ai*e met widv some- 
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Our atmosphere^ charged with aqueous vapour, serves 
to shield us from the intense action of the solar powers. 
By it we are protected from the destructive influences 
of the sun's light and heat; enjoy those modified 
conditions which are most conducive to the healfchful 
being of oi^anic forms; to it we owe "the blue sky 
bending over all/' and ^ose beauties of morning and 
evening twilight of which 

■ Sound and motion own the potent sway, 

Responding to the charm with its own mystery. 

To defective transparency, or rather to the different 
degrees of it, we must attribute, in part, the colours of 
permeable media. Thus, a glass or fluid appears yellow 
to the eye, because it has the property of admitting the 
permeation of a larger quantity of the yellow rays than 
of any others ; — ^red, because the red rays pass it with 
the greatest freedom ; and so on for every other colour. 
In most cases the powers of transmission and of reflec- 
tion are similar ; but it is not so in all ; a variety of fluor 
spar, which, while it transmits green light, reflects blue,, 
and the precious opal, are striking instances to the con- 
trary. Some glasses which transmit yellow light have 
the singular power of dispersing blue rays from one sur- 

times very vivid ; but the gayest combinations of colour ai*e seen 
in the littoral zone, as well as the most brilliant whites. 

" The animals of Testacea, and the Radiata of the higher zones, 
are much more brilliantly coloured than those of the lower, where 
they are usually white, whatever the hue of the shell may be . 
Thus the genus Trochus is an example of a group of forms mostly 
presenting the most brilliant hues both of shell and animal ; but 
whilst the animals of such species as inhabit the littoral zone are 
gaily chequered with many vivid hues, those of the greater depth,, 
though their shells are almost as brightly covered as the coverings 
of their allies nearer the surface, have their animals, for the most 
part, of a uniform yellow or reddish hue, or else entirely white. 
The chief cause of this increase of intensity of colour as we ascend, 
is, doubtless, the increased amount of light above a certain depth."^ 
—p. 172. 
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fiioe ; and a sedation of qninine in water acidulated with 
gnomic add, altboogh perfectly transparent and colour- 
kai wiien held between the eye and Uie lights exhibits, 
if liewed in a particular direction, a livelj cerulean tint. 
Tboae effects being supposed to be due to the conditions 
ef the sm&oe, haTc been called tpipoUc phenomena.* 
The eareftd inyestigation of these phenomena has 
made us acquainted with some very interesting &cts, and 
indeed discoyered to us a set of luminous rays which 
were previously xuiknown. The dispersion of blue light 
fromdiesurface of some yellow glasses — such as have been 
oolouied by the oxide of silver — ^is of a different order 
from that which takes place with the solution of sulphate 
of quinine, (xr with the fluor spar. The first depends 
upon a peculiar condition of the surface, while the latter 
phenomena are due to a dispersion which takes place 
wUhin the solid or fluid. In addition to the sulphate 
of quinine, and the flour spar, we obtain the same results 
in a very marked manner by a canary yellow glass, 

. * 'Afi^p0ura. On the Epipolic Dispersion of Light, being a 
paper entitled, On a case of Superficial Colour presented by a hdmo- 

feneous liquid internally colourless. By Sir J. F. W. Herschel, 
(art., K.H., F.R.S., &c. — An epipoHzed beam of Ught (meaniDg 
thereby a beam whi<h has once been transmitted through a quini- 
ferous solntion, and undergone its dispersing action) is incapable 
f^ further undergoing epipolic disperHon, In proof of this the fol- 
lowing experiment may be adduced, — 

A glass jar being filled with a quiniferons solution, a piece of 
.plate glass was immersed in it vertically, so as to be entirely 
covered, and to present one face directly to the incident light. In 
this situation, when viewed by an eye almost peipendicularly over 
it, so as to graze either surface very obliquely, neither the anterior 
. nor posterior face showed the slightest trace of epipolic coloiu*. 
Kow, the light, at its egress from the immersed glass, entered the 
liquid under precisely the same circumstances as that which, when 
.traversing the anterior surface of the glass jar, underwent epipolic 
dispersion on first entering the liquid. It had, therefore, lost a 
property which it originally possessed, and could not, therefore, be 
considered qualitatively the same light. — Philosophical Transac- 
tions, Tol. cxxxvi. 

K 
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coloured with the oxide of uraninm^ and by a decoc- 
tion of the inner bark of the horse-chesnut tree. Mr. 
Stokes^ who has investigated this class of phenomena^ 
andproposestocallitF/t<are«C6nc6^ from its being naturally 
seen in fluor-spar^ has shown that the peculiar internal 
dispersion^ and the consequent alteration of the colour 
of the ray^ is due to an alteration in its refrangibility. 
Whether this hypothesis prove to be the correct one or 
not^ it is certain that there exists a set of rays of far 
higher refrangibihty than those seen in the ordinary 
Newtonian spectrum. This may be shown in the follow- 
ing manner : taking either of the solutions named^ or a 
block of uranium glass^ throw upon one face, by means of 
a prism, a very pure spectrum. On looking into the 
glass or fluid there will be seen, commencing amidst the 
most refrangible rays, a new set of spectral rays, strug- 
gling to make their way through the absorbent medium. 
These are of a blue colour in the quinine or chesnut 
solution, and green in the uraniimi glass, and are seen 
extending themselves far beyond the most refrangible 
rays of the ordinary Newtonian spectrum. This is the 
space over which those*rays which have the power of pro- 
ducing chemical changes, such as are rendered familiar 
by the practice of Photography, are detected in their 
greatest activity. It has, therefore, been supposed that 
these fluorescent rays are the chemical rays rendered lu- 
minous by the alteration of their refrangibihty. This 
view has received much support from the fact that the 
extra spectral rays are crossed with numerous dark 
lines, and that in the chemical impressions these 
lines are marked by unchanged spaces which exactly 
coincide with them. There is, however, much doubt of 
the correctness of this, since, in the uranium glass of 
such a thickness that these visible rays are quite ab- 
sorbed, the chemical rays still pass. 

However, the whole question requires, and is receiving, 
the most searching investigation. The discovery of 
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tlieae phenomena, which are included under the term of 
fluorescence^ is of that interesting and important cha- 
racter^ that it must be ranked as the most decided ad- 
vance which has been made in physical optics since the 
days of Newton. 

It is not improbable that those rays of such high 
refrangibility may, although they are under ordinary 
circumstances invisible to the human eye, be adapted 
to produce the necessary degree of excitement upon 
which vision depends in the optic nerves of the night- 
roaming animals. The bat, the owl, and the cat, may 
tee in the gloom of night by the aid of rays which are 
invisible to, or inactive on the eyes of man, or of those 
animals which require the light of day for perfect vision. 

It is a general law of the radiant forces, that when- 
ever they fall upon any surface, a portion is thrown 
back or reflected at the same time as other portions are 
absorbed or transmitted. Upon this peculiarity appear 
to depend the phenomena of natural colour in bodies. 

The white light of the sun is well known to be com- 
posed of several coloured rays. Or rather, according to 
the theory of undulations, when the rate at which a ray 
vibrates is altered, a different sensation is produced upon 
the optic nerve. The analytical examination of this 
question shows, that to produce a red colour the ray of 
light must give 37,640 imdulations in an inch, and 
468,000000,000000 in a second. Yellow light requires 
44,000 undulations in an inch, and 535,000000,000000 
in a second ; whilst the effect of blue results fix)m 51,110 
undulations within an inch, and 622,000000,000000 of 
waves in a second of time.* The determination of such 

* In connection witli this view, the Newtonian theory should 
be consulted, for which see — A Letter oj Mr. Isaac Newton, Pro- 
fessor of the Mathematicks in the University of Cambridge ; con- 
taining his new Theory about Light and Colors : sent by the Author 
to the Publisher, from Cambridge j Feb. 6, 1671-72, in order to be 
communicated to the Royal Society. 
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points as these is among the highest refinements of 
science^ and^ when contrasted with the most sublime 
efforts of the imagination^ they must appear immea> 
surably superior. 

If a body sends back white light unchanged, it appears 
white ; if the surface has the property of altering the 
Tibration to that degree which is calculated to produce 
redness, the result is a red colour : the annihilation of 
the undulations produces blackness. By the other view, 
OT the corpuscular hypothesis, the beam of white light 
is supposed to consist of certain coloured rays, each of 
which has physical properties peculiar to itself, and thus 
is capable of producing different physiological effects. 
These rays falling upon a transparent or an opaque body 
suffer more or less absorption, and being thus dissevered, 
we have the effect of colour. A red body absorbs all 
the rays but the red ; a blue surface, all but the blue ; 
a yeUow, aU but the yellow ; and a black surface absorbs 
the whole of the light which faUs upon it. 

That natural colours are the resiilt of white light, and 
not innate properties of the bodies themselves, is most 
conclusively shown by placing coloured bodies in mono- 
chromatic light of another kind, when they will appear 
either of the colour of that light, or, by absorbing it, 
become black ; whereas, when placed in light of their 
own character, the intensity of colour is greatly in- 
creasing. 

Every surface has, therefore, a peculiar constitution, 
by which it gives rise to the diversified hues of nature. 
The rich and lively green, which so abundantly over- 
spreads the surface of the earth, the varied colours of 
the flowers, and the numberless tints of animals, toge- 
ther with all those of the productions of the mineral 
kingdom, and of the artificial combinations of chemical 
manufacture, result from powers by which the relations 
of matter to light are rendered permanent, until its phy- 
sical conditions imdergo some change. 



COLOUR OF BODIES. 133 

There is a remarkable correspondence between the 
•geographical position of a region and the colours of its 
.plants and animals. Within the tropics^ where 

" The sqn shines for ever unchangeably bright," 

the darkest green prevails over the leaves of plants; the 
:flowers and fruits are tinctured with colours of the ' 
deepest dye, whilst the plumage of the birds is of the 
most vari^ated description and of the richest hues. In 
the people also of these climes there is manifested a 
•desire for the most striking colours, and their dresses 
have all a distinguishing character, not of shape merely, 
but of chromatic arrangement. In the temperate 
cBmates everything is of a more subdued variety : the 
flowers are less bright of hue ; the prevailing tint of the 
winged tribes is a russet brown; and the dresses of the 
inhabitants of these regions are of a sombre character. 
In the colder portions of the earth there is but little 
colour ; the flowers are generally white or yellow, and 
the animals exhibit no other contrast than that which 
white and black afford. A chromatic scale might be 
formed, its maximum point being at the equator, and its 
minimum at the poles.* 

The influence of light on the colours of organized 

* In that admirable work, The Physical Atlas of Dr. Berghaus, 
of which a very complete edition by Alexander Keith Johnstone 
is published in this country, the following order of the distribution 
of plants is given ; — 

2. Tree-ferns and figs . Tropical zone. 

3. Myrtles and laurels . Sub-tropical zone. 

4. Evergreen trees . . Warm temperate zone. 

5. European trees , . Cold temperate zone. 

6. Pines .... Sub-arctic zone. 

7. Bhododendrons . . Arctic zone. 

8. Alpine plants . . Polar zone. 

Consult Humboldt, Essai sur la Geographie dea Plantes, Paris, 
1807; De Distributione QtographicA, Planiartm, Paris, 1817. 
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creation is well shown in the sea. Near the shores we 
find sea-weeds of the most beautiful hues, parti- 
cularly on the rocks which are left dry by the tides ; 
and the rich tints of the actiniae, which inhabit shallow 
water, must have been often observed. The fishes which 
swim near the surface are also distinguished by the 
variety of their colours, whereas those which live at 
greater depths are grey, brown, or black. It has been 
found that after a certain depth, where the quantity of 
light is so reduced that a mere twilight prevails, the 
iiJiabitants of the ocean become nearly colourless. 
That the sim's ray alone gives to plants the property of 
reflecting colour is proved by the process of blanching, 
or etiolation, produced by artificially excluding the light. 
By atriangular piece of glass — a prism, — weare enabled 
to resolve light into its ultimate rays. The white pencil 
of light which falls on the first surface of the prism is 
bent from its path, and coloured bands of diflerent 
colours are obtained. These bands or rays observe a 
curious constancy in their positions : the red ray is 
always the least bent out of the straight path: the 
yellow class comes next in the order of refrangibility ; 
and the blue are the most diverted from the vertex of 
the prism. The largest amount of illuminating power 
exists in the yellow ray, and it diminishes towards either 
end.* It is not uninteresting to observe something like 

Schouw, Grundiizge der PJlanzengeograpkie. Also his Earth, PlantSy 
and Man; translated by Henfrey, in Bohn^s Scientific Library. 
Lamouroux, Giographie Physique, The Plant, a Biography : by 
Schleiden ; translated by Henfrey. Physical Geography : by 
Mrs. Somerville. 
* Frauenhofer 8 measure of illuminating power is as follows : — 
At the 22nd degree of the red . 0032 



34th degree of the red 
22nd degree of the oranjc^e 
10th degree of the yellow 
42nd degree of the yellow 
2nd degree of the blue 
10th degree of the indigo 
43rd deffroe of the violet 



0094 
0-640 
1-000 
0-480 
0-170 
0-031 
0-0050 
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the same yarietjr of ooloiir occurring at each end of the 
prismatic spectmm. The strict order in which the pure 
and mixed coloured rays present themselves is as 
ftDowB: — 

1. The extreme red: a rav which can only be dis- 
covered when the eye is protected firom the glare of the 
other rays bv a cobalt blue glass, is of a crimson 
character — a mixture of the red and the bluey red 
predominating.* 

2. The red: the first ray visible under ordinary dr- 
cnmstances. 

3. The orange : red passing into and combining with 
yellow. 

4. The yellow : the most intensely luminous of the 
rays. 

5. The green : the yellow passing into and blending 
with the blue. 

6. The blue: in which the light very rapidly di- 
minishes. 

7. The indigo : the dark intensity of blue. 

8. The violet : the blue mingled again with the red — 
blue being in excess. 

9. The lavender grey : a neutral tint, produced by 
the combination of the red, blue, and yellow rays, which 
is discovered most easily when the spectrum is thrown 
upon a sheet of turmeric paper. 

10. The fluorescent rays : which are either a pure 
silvery blue or a delicate green. 

Newton regarded the spectrum as consisting of seven 
colours of de&iite and unvarying refirangibility. Brews- 
ter and others appear to have detected a great difpiision 



• Herschel, On the Action of Crystallized Bodies on Homo- 
geneous Lights and on the causes of the detfiation from Newton's scale 
in tht tints which many of them develope on exposure to a polarized 
ray. — Phil. Trans., vol. ex., p. 88. 
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of the colours over the spectrum^ and regard white light as 
consisting only of three rays, which in the pnsmaticimages 
overiap each other ; and from these — ^red, yellow, and 
blue — all the others can be formed by combination in 
varying proportions. The truth will probably be found 
to be, that the ordinary prismatic spectrum is a com- 
pound of two spectra : — that is, as we have the ordinary 
rainbow, and a supplementary bow, the colours of which 
are inverted, so the extraordinary may be somewhat 
masked by the intense light of the ordinary spectrum ; 
and yet by overlapping produce the variations of colour 
in the rays. We have ab*eady examined the heating 
power found in these coloured bands, which, although 
shown to be in a remarkable manner in constant 
agreement with the colour of a particular ray, is not 
dnrectly connected with it ; that is, not as the effect 
of a cause, or the contrary. The chemical action of the 
solar rays, to which from its important bearings we shall 
devote a separate chapter, has, in like manner with 
heat, been confounded with the sun^s luminous power ; 
but although associated with light and heat, and modi- 
fied by their presence, it must be distinguished from 
them. 

We find the maximum of heat at one end of the 
spectrum, and that of chemical excitation at the other 
— luminous power observing a mean point between them. 
Without doubt we have these powers acting recipro- 
cally, modifying all the phenomena of each other, and 
thus giving rise to the difficulties which beset the in- 
quirer on every side. 

We have beautifiil natural illustrations of luminous 
refraction in the rainbow and in the halo : in both cases 
the rays of light being separated by the refractive power 
of the falling rain drop, or the vesicles which form the 
moisture constituting a fc^. In the simple toy of the 
child — the soap-bubble floating upon the air — ^the phi- 
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losopher finds subjects for his contemplation ; and from 
the muivalled play of colours which he discovers in 
that attenuated film^ he learns that the varying thick- 
nesses of surfaces influence^ in a most remarkable 
manner^ the colours of the simbeam. Films of oil 
floating upon water present similar appearances ; and 
the colours developed in tempering steel axe due en- 
tirely to the thickness of the oxidized surface produced 
by heat. There have latelybeen introduced some beautiftd 
specimens of paper rendered richly iridescent by the fol- 
lowing process : — ^A solution of a gum resin in cldoroform 
is floated upon water, where it forms a film giving all the 
colours of Newton^s rings. A sheet of paper which 
has been previously sunk in the water is carefully lifted, 
and the film thus removed adheres with great firmness 
to the paper, and produces this rich and curious play of 
colour. The rich tints upon mother-of-pearl, in the 
feathers of many birds, the rings seen in the cracks of 
rock-crystal, or between the unequal faces of two pieces 
of glass, and produced by many chemical and indeed 
mechanical operations — are all owing to the same cause ; 
— the refraction of the luminous pencil by the conditi(»i 
of the film or surface. If we take one of those steel 
ornaments which are formed by being covered with an 
immense number of fine lines, it will be evident that 
these stnse present many diflerent angles of reflection, 
and that, consequently, the rays thrown baek will, at 
some point or another, have a tendency to cross each 
other. The result of this is, that the. quantity of light 
is augmented at some points of intersection, and annihi-, 
lated at others.* Out of the investigation of the phe- 
nomena of diflfraction, of the effects of thin and thick 
plates upon light, and the results of .interference, has 

* On the Nature of Light and Colours : Lecture 39, in Young's 
Lectures on Natural Philosophy y KeUand's Edition; p. 373, and the 
authorities there quoted. 
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arisen the discovery of one of the most remarkable con- 
ditions within the range of physical science. 

Two bright lights may be made to produce darkness.^ 
— ^If two pencils of hght radiate from two spots very 
close to each other in such a manner that they cross 
each other at a given pointy any object placed at that 
line of interference will be illuminated with the sum 
of the two limiinous pencils. If we suppose those rays 
to move in waves, and the elevation of the wave to 
represent the maximum of luminous eflfect, then the 
two waves meeting, when they are both at the height of 
their undulation, will necessarily produce a spot of 
greater intensity. If now we so arrange the points of 
radiation, that the systems of luminous waves pro- 
ceed irregularly, and that one arrives at the screen 
half an undulation before the other, the one in 
elevation falling into the depression of the other, a 
mutual annihilation is the consequence. This fact, 
paradoxical as it may appear, was broadly stated by 
Grimaldi, in the description of his experiments on the 
inflection of light, and has been observed by many 
others. The vibratory hypothesis, seizing upon the 
analogy presented by two systems of waves in water, 
explains this plausibly, and many similar phenomena of 
what is called the interference of light ; but still upon 
examination it does not appear that the explanation is 
quite free from objection.* 

Another theory, not altogether new to us, it being in- 
dicated in Mayer^s hypothesis of three primary colours 
(1775), and to be found as a problem in some of the 
Encyclopaedias of the last century, has been put forth, 
in a very original manner, by that master-mind of intel- 
lectual Germany, Goethe ; and from the very compre- 
hensive views which this poet-philosopher has taken of 

* Brewster's Optics : Lardner^s Cabinet Cyclopaedia. Herschd, 
On Light : Encyclopaedia Metropolitana. 
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both animal and vegetable physiology (views which have 
been adopted by some of the first naturalists of Europe), 
we are boimd to receive his theory of colours with every 
rei^iect and attention. 

Goethe regards colour as the " thinning^' of light ; 
for example, by obstructing a portion of whitelight, yellow 
is produced ; by reducing it still farther, red is sup- 
posed to result ; and by yet farther retarding the free 
piBUUsage of the beam, we procure a blue colour, which is 
the next remove from blackness, or the absence of 
light. There is truth in this ; it bears about it a sim- 
phcity which wiD satisfy many minds ; by it many of 
the phenomena of colour may be explained : but it is 
insufficient for any interpretation of several of those 
laws to which the other theories do give us some insight. 

Newton may have allowed himself to be misled by 
the analogy presented between the seven rays of the 
spectrum and the notes in an octave. The mystic 
number, seven, may have clung Uke a fibre of the web 
of superstition to the cloak of the great philosopher ; 
but the attack made by Goethe upon the Newtonian 
philosophy betrays the melancholy fact of his being 
diseased with the lamentable weakness of too manjc 
exalted minds — an overweening self-esteem. 

The polarization of Ught, as it has been unfortunately 
called — ^unfortunately, as conveying an idea of deter- 
minate and different points or poles, which only exists 
in hypothetical analogy — presents to us a class of phe- 
nomena which promise to unclose the mysterious doors 
of the molecular constitution of bodies. 

This remarkable condition, as produced by the re- 
flection of light from glass at a particular angle, was 
first observed by Mains, in 1808,* when amusing him- 
self by looking at the beams of the setting sun, reflected 

* Malus, Sur une,ProprUU de la Lumi^re Riflichie\ Memoires 
d'ArcueiJ. Numerous memoirs by Sir David Brewster, in the 
Philosophical Transactions. 
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from the windows of the Luxemboui^ Palace through 
a double refracting prism. He observed that when the 
prism was in one position^ the windows with their golden 
rays were visible ; but that turned round a quarter of a 
circle from that position^ the reflected rays disappeared 
although the windows were still seen. 

The phenomenon of double refraction was noticed, in 
the first instance, by Erasmus Bartolin, in Iceland-spar, 
a crystal the primary form of which is a rhombo- 
hedron; who perceived that the two images produced 
' by this body were not in the same physical conditions.* 
It was ako studied by Huyghens and Sir Isaac Newton, 
and to our countryman we owe the singular idea that a 
ray of light emerging from such a crystal has sides. 
This breaking up of the beam (rf light into two, — ^which 
is shown by looking' through a pin-hole on a card 
through a crystal of Iceland spar, when two holes be- 
come visible, is due to the diflferent states of tension in 
which the different layers constituting the crystal exist. 

In thus separating the ray of light into two rays, the 

* Bartholin, On Iceland Crystals : Copenhagen, 1669. AnAccompt 
<^ sundry Experiments made and communicated by that Learn d 
Mathematician Dr. Erasmus Bartholin, upon a ChrystalUke 
Body sent to Mm out of Island : in connection with which Dr. 
Matthias Paissenius writes : — The observations of the excellent 
Bartholin upon the Island Chrystal are, indeed, considerable, as 
well as painful. We have here, also, made some tryals of it upon 
a piece he presented me with, which confirm his observations. 
Mean time he found it somewhat scissile and reducible by a kmfe 
into thin laminas or plates, which, when single, shew'd the object 
•single, but laid upon one another shew'd it double ; the two images 
appearing the more distant from one another, the greater the num- 
ber was of those thin plates laid on one another. With submission 
to better judgements I think it to be a kind of Selenites. Some 
of oar curious men here were of opinion that the Ehomboid figure 
proper to this stone was the cause of the appearances doubled 
thereby. But having tryed whether in other transparent bodies 
of the like figure the like would happen, we found no such thing 
in them, which made us suspect some peculiarity in the very Body 
of the stone. — PhiL Trans, for 1670, voL v. 



PHYSICAL FROFEBTIES OF SOLARISED LIOHT. 141 

cxmdition called polarisation has been produced^ and 
by experiment we discover that the single ray ha» 
properties different from those of the compound or 
ordinary ray. 

It is somewhat diflScult to explain what is meant by, 
and what are the conditions of, polarised light. In the 
first instance let us see by what methods this peculiar 
state may be brought about. 

If we reflect a ray of light from the surface of any 
body^ fluid or solid, but not metallic, at an angle between 
68** and 68° it undergoes what has been called jo/an^ 
polarigatian. It may fJso be produced by the refraction 
of light from several refracting surfaces acting upon the 
pencil of light in succession ; as by a bundle of plates 
of glass. Each surface polarises a portion of the pencil, 
and the number of plates necessary to polarise a whole 
beam depends upon the intensity of the beam aAd the 
angle of incidence. Thus, the light of a wax candle is 
whrfly polarised by forty-seven plates of glass at an 
angle of 40° 41'; while at an angle of 79° 11' it is 
polarised by eight plates. Again, plane polarisation 
may be produced by the double refraction of crystals. 
Each of the two pencils is polarised, like light re- 
flected from glass at an angle of 56° 45', but in opposite 
planes. 

Non-scientific readers will still ask, — ^What is this 
mysterious condition of light which is produced by re- 
flection and refraction at peculiar angles to the incident 
ray. It is one of the most difficult of problems to 
express in popular language. The conditions are, 
however, these : — 

An ordinary ray of light will be reflected from a re- 
flecting surface at whatever angle that surface may be 
placed in relation to the incident beam. 

A polarised ray of light is not reflected in all positions 
of the reflecting surface. 

An ordinary ray of light is freely transmitted through . 
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a transparent medium, as glass, in whatever position it 
may be placed relative to the source of light. 

A polarised ray of light is not transmitted in all the 
positions of the permeable medium. 

Supposing a plate of glass is presented at the angle 
66° to a polarised ray, and the plane of incidence or 
reflexion is at right angles to the plane of polarisation 
of the ray, no light is reeded. If we turn the plate of 
glass round through 00°, when the plane of reflexion is 
parallel to that of polarisation the light is reflected. If 
we turn the plate round another 90°, so that the plane 
of reflexion and of polarisation are parallel to each other, 
again no light is reflected; and if we turn it through 
another. 90° the reflection of the ray again takes place. 

Precisely the same result takes place when, instead of 
being reflected, the polarised ray is transmitted. 

Sorfte substances have peculiar polarizing powers ; 
the tourmaline is a familiar example. If a slice of 
tourmaline is taken, and we look at a common pencil 
of light through it, we see it in whatever position we 
may place the transparent medium. If, however, we 
look at a pencil of polarised light, and turn the crystal 
round, it will be found that in two positions the light is 
stopped, and that in two other positions it passes freely 
thix)ugh it to the eye. 

By way of endeavouring to conceive something of 
what may be the conditions which determine this very 
mysterious state, let us suppose each ray of light to 
vibrate in two planes at right angles to each other : one 
wave being vertical and the other horizcmtal. We have 
many examples of this compound motion. The mast of 
a ship, by the force with which she is urged through 
the water, describes a vertical wave, while by the roll of 
the billows across which she saQs, a lateral undulation 
is produced at the same time. We may sometimes 
observe the same thing when a field of com is agitated 
by a shifting wind on a gusty day. 
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The hypothesis therefore is, that every ray of ordi- 
nary light consists of two rays vibrating in diflferent 
planes; and that these rays^ separated one from the 
• other^ have the physical conditions which we call 
polarized. 

The most transparent bodies may be regarded as 
being made np of atoms arranged in certain planes. 
Suppose the plane of lamination of any substance to be 
vertical in position, it would appear that the ray which 
has a vertical motion passes it freely, whereas if we 
turn the body round so that the planes of lamination 
are at right angles to the plane of vibration of the ray^ 
it cannot pass. 

That some action similar to that which it is here 
endeavoured to express in popular language does take 
place^ is proved by the correctness of the results deduced 
by r^id mathematical analyses founded on this hy- 
pothesis. 

There are two other conditions of the polarization of 
light — called circular and elliptical polarization. The 
first is produced by light when it is twice reflected from 
the second surface of bodies at their angle of maximum 
polarization, and the second by reflexions from the sur- 
&ces of metals at angles varying from 70° 45' to 78° 80'. 
The motion of the wave in the first is supposed to be 
circular, or to be that which is represented by looking 
along the centre of a corkscrew as it is turned round. 
At every turn of the medium eflfecting circular polari- 
zation the colour of the ray of light is changed after a 
uniform order. If turned in one direction, they change 
through red, orange, yellow, green, and violet ; and if 
in the other direction, the colours appear in the contrary 
order. 

The variety of striking eflfects produced by the polari- 
zation of light ; the unexpected results which have 
sprung from the investigation of the .laws by which it 
is regulated; and the singular beauty of many of its 
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phenomena^ have made it one of the most attractive 
subjects of modem science. 

Ordinary light passes through transparent bodies 
without producing any very striking effects in its pas- 
sage; but this extraordinary beam of light has the 
power of insinuating itself between the molecules of 
bodies^ and by illuminating them^ and giving them every 
variety of prismatic hue, of enabling the eye to detect 
something of the structure of the mass. The chromatic 
phenomena of polarized light are so striking, that no 
description can convey an adequate idea of their cha- 
racter. 

Spectra more beautiful and intense than the pris- 
matic image, — systems of rings far excelling those of 
thin plates, — and forms of the most symmetric order, are 
constantly presenting themselves, as the polarized ray is 
passed through various transparent substances; the 
path of the ray indicating whether the crystal has been 
formed round a single nucleus or. axis, or whether it 
has been produced by aggregation around two axes. The 
coloured rings, and the dark or luminous crosses which 
distinguish the path of the polarized ray, are respectively 
due to different states of tension amongst the particles, . 
although those differences are so slight, that no other 
means is of sufficient dehcacy to detect the variation. 

The poetry which surrounds these, in every way, myste- 
rious conditions of the slolar beam, is such, that it is with 
difficulty that imagination is restrained by the stem 
features of truth. The uses of this peculiar property in 
great natural phenomena are not yet made known to 
us ; but, since we find on every side of us the natural 
conditions for thus separating the beam of light, and 
effecting its polarization, there must certainly be. some 
most important end for which it is designed by Him 
who said, " Let there be Light/^ 

It must not be forgotten that we have at command 
the means of showing that the chromatic phenomena of 



VATUmAL POUkBIZATIOSr. 145 

polariied liglit ire due to atomic ammgeiiient. By 
altering the molecular amngement of tranaparent bodiea, 
eidifir by beat or bj mere mechanical preaBore, the nn- 
eqnal tension or strain of the particles is at <moe indi- 
ei^fced by^ means of the polarized ray of light and its 
lings of colour. Differences in the diemiad constitu- 
tion of bodies, too sHg^t to be discovered by any other 
mode of anatysis, can be most readily and certainly 
detected by this luminous investigator of the molecular 
fivoes.* 

AUfaongh we cannot enter into an examination of all 
the condkions involved in the polarization o^ and the 
action of matter on, ordinary light, it will be readily con- 
ceived, £rom what has beeen abr«idy stated, that some 
most important properties are indicated, beyond those 
whidi science has made known. 

Almost every substance in nature, in some definite 
position, appears to have the power of producing this 
change upon the solar ray, as may be satiidactorily shown 
by examining them with a polarizing apparatus.f The 
sky at all times furnishes polarized hght, which is most 
intense where it is blue and unclouded, and the point of 
TORYiTmiTTi polarization is varied according to the relative 
position of the sun and the observer. A knowledge of 
thisfScu^thasled to the construction of a '' Solar ClodL,'^]: 

* On the AppUeatum of the Laws of Circular Polarization to the 
Researches of Chemistry: by M. Biot — Nouvelle« Annales du 
Museum d'Hlstoire Naturelle, toI. ill., and Scientific Memoirs, 
vol. i p. 600. On Circular Palarization: by Dr. Leeson. — 
Memoirs of the Gbemical Society. 

f In Sir David Brewster's Treatise On Optics, chap, xviii., On 
Polarization^ the best arrangements for a jwlarizing apparatus will 
be found described. 

t This beautiful application was recently made by Professor 
Wheatstone, the particulars of which will be found in ids interest- 
ing communication. — On a meant of determining the apparent 
Solar Time hy the diurnal changes of the Plane of Polarisation 
at the Northern Pole of the Sky: Report of the Eighteenth 
Meeting of the British Association. 

L 
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witii whidi the hour can be readily determined by examin* 
ing ike polarized condition of thesky. It hashed stated, 
ihat'cbemical change on the Daguerreotype plates and chi' 
pihotc^raphic papers is more readily produced by the 
polarized than by the ordinary sunbeam.* If this £ftct 
be establidied by future investigations^ we advance a 
step to^rards the discovery so much de^derated of the 
part it {days in natural operations. 

The refined and accurate investigations of Dr. Fara^ 
day stand prominently forward amid those which will 
redeem the present age from the chaige of being super- 
ficial, and they wiH, through all time, be referr^ to as 
illustrious examples of the influence of a love <rf truth 
tar truth^s sake, in entire independence of the market- 
able value, whidi it has been unfortunately too much 
the fashion to regard. The searching examination made 
b^ lius " interpreter of nature ^^ into the phenomena of 
electricity in all its forms, has led him onward to trace 
what connexion, if any, existed between this great 
natural agent and the luminous principle. 

By employing that subtile analyzer, a polarized ray, 

-' 0» the Polarization of the Chemical Rays of Light: by 

John Satberland, M.D., in which the author refers to the follow- 
ing experiment of M. J. E. Berard— " T received the chemical 
rays directed into the plane of the meridian on an unsilvered glass, 
under an incidence of 35° 61. The rays reflected by the first glass 
were received upon a second, under the same incidence. I found 
that when this was turned towards the south, the muriate of silver 
exposed to the invisible rays which it reflected was darkened in 
less than half an hour ; whereas, when it was turned towards the 
west, the muriate of silver exposed in the place where the rays 
ought to have been reflected, was not darkened, altliougb it was 
left exposed for two hours. It is consequently to be presumed 
that the chemical rays can undergo double refraction in traversing 
certain diaphanous bodies; and lastly, we may say that they enjoy 
the same physical properties as light in general." — Philosophical 
Magazine^ yoIL xx. 

&, Leeson has stated that Daguerreotype pictures can be taken 
more readily under the influence of polarized light, than by ordi- 
nary radiation. 
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Dr. VtoTBdnj has been enabled to detect and exhibit 
dfects of a most startling character. He has proved 
magnetisin to have the po^er of influencing a ray. of 
ligbt in its passage through transparent bodies. A 
pdbriBed ray is passed through a piece of glass or a 
'Crytstai, or along the length of a tube filled with some 
transparent fliud; and the line of its path carefully 
observed ; if^ when this is done^ the solid or fluid body 
is brooghrt under powerful magnetic influence^ such as 
we haTC at command by making a very energetic voltaic 
-current circulate around a bar of soft iron^ it will be 
found tiiat the polarized light is disturbed; that^ indeed^ it 
^doet Bot permeate the medium along the same line.* 
Dm fSdct is most strikingly shown in bodies of the 
gi ' cate s t density^ and diminished in fluids^ the particles 
of whidi are easily moveable over each other, and has 
not hitherto been observed in any gaseous medium. 

* On the MagnettzaHoH of Light, oAdthellhimination ofMatfnetio 
Ijmet ^f^ce: by Michael Faradaj, D.G.L., F.R.S.— PhUosophieid 
Tnmsaetioiis, vol. cxxxTti.— The following remarks are to the 
point of doubt referred to in the text. — " The magnetic forces do 
not act on tlie ray of light directly and without the intervention of 
matter, but tbroagh'tbe mediation of the substance in which tbev 
and the ray have a simultaneous existence ; the substances and 
the forces giving to and receiving from each other the power of 
acting on the li^t This is shown by the non-action of a vacuum* 
of air or gases, and it is also further shown by the special degree 
in which different matters possess the property. That magnetic 
i'orce acts upon the ray of light always with the same character of 
manner, and in the same direction, independent of the different 
varieties of substance, or their states of solid or liquid, or their 
specific rotative force, shows tliat the magnetic force and the light 
have a direct relation; but that substances are necessary, and that 
these act in different degrees, shows that the magnetism and the 
ligbt act on each other through the intervention of the rnatt^. 
Recogni^ng or perceiving matter only by its powers, and knowing 
oothing of any imaginary nucleus abstract from the idea of these 
powers, the phenomena described must strengthen my inclination 
to trust in the views I have advanced in j-eference to its nature." — 
Piiil. Mag. vol. xxiv. 
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The question^ therefore^ arises, — does magnetism act 
directly upon the ray of light, or only indirectly, by pro- 
ducing a molecular change in the body through which 
the ray is passing ? This question, so important in its 
bearings upon the connexion between the great' physical 
powers, will, no doubt, before long receive a satisfactory 
reply. A medium is necessary to the production of the 
resiUt, and, as the density of the medium increases, the 
effect is enlarged : it would therefore appear to be due 
to a disturbance by magnetic force of the particles 
which constitute the medium employed. 

Without any desire to generalize too hastily, we can- 
not but express a feeling, — amounting to a certainty in, 
our own mind, — ^that those manifestations of luminous 
power, connected with the phenomena of terrestrial 
magnetism, which are so evident in all the circum- 
stances attendant upon the exhibition of Aurora Borea- 
lis, and those luminous clouds which are often seen,, 
independent of the Noithern Lights, that a very inti- 
mate relation exists between the solar radiations and 
that power which so strangely gives polarity to this 
globe of ours. 

In connexion with the mysterious subject of solar 
light, it is important that we should occupy a brief 
space in these pages with the phenomena of vision, which 
is so directly dependent upon luminous radiation. 

The human eye has been rightly called the " master- 
piece of divine mechanism/' its structure is complicated,. 
yet all the - adjustments of its parts are as simple as 
they are perfect. The eye-ball consists of four coats. 
The cornea is the transparent coat in front of the 
globe ; it is the first opticsd surface, and this is attached 
to the sclerotic membrane, fiUing up the circular aper- 
ture in the white of the eye ; the choroid coat is a very 
delicate membrane, lining the sclerotic, and covered 
with a perfectly black pigment on the inside ; and close 
to this lies the most delicately reticulated membrane,. 
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the retina^ which is^ indeed^ an extension of the optic 
nerve. These coats enclose three humours^ — ^the aqueous^ 
the vitreons^ and the crystalline hnmonrs. 

The eye, in its more superficial mechanical arrange- 
ments, presents exactly the same character as a camera 
obscura, the cornea and crystalline lens receiving the 
images of objects refracting and inverting them ; but 
how infinitely more beautiful are all the arrangements of 
the oi^an of vision than the dark chamber of Baptista 
Porta !* The humours of the eye are for the purpose 
of correcting the aberrations of light, which are so 
evident in ordiuary lenses, and for giving to the whole 
an achromatic character. Both spherical and chromatic 
aberration are corrected, the latter not entirely, and by 
tbe agency of the cornea and the crystalline lens perfect 
images are depicted on the retina, in a similar way to 
those very charming pictures which present themselves 
in the table of the camera obscura. 

The seat of vision has been generaDy supposed to be 
the retina ; but Mariotte has shown that the base of the 
optic nerve, which is immediately connected with the 
retina, is incapable of conveying an impression to the 
brain. The choroid coat, which Ues immediately behind 
the retina, is regarded by Mariotte and Bernoulli as the 
more probable seat of vision. The retina, being trans- 
parent, offers no obstruction to the passage of the Ught 
onward to the black surface of the choroid coat, from 
which the vibrations are, in all probability, communicated 
to the retina and conveyed to the brain. Howbeit, upon 
one or the other of these delicate coats a distinct image 

* The invention of the camera obscura certainly belongs to 
Giambattista Porta, and is described in bis Magite I^iaturalis, sive 
de Miraculis Rerum Naturalivm^ Libri Viginti ; Antwerp, 1561. 
An English translation made in 1658 exists, but I have not seen 
it. 

Hooke, in one of the earliest volumes of the Philosophical Trans- 
actions, describes as new many of the phenomena mentioned by 
Porta, and particularly the images of the dark chamber. 
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is impressed by lights and the communicatuNi made 
with the brain possibly by a vibratory action. We may 
trace up the phencHoena of rision to this point; we may 
conceive undulations of lights differing in weLocity and 
length of wave^ occasioning corresponding tr^n(»s in: 
the neuralgic system of the eye ; but how these vibra- 
tions are to communicate correct impressions (^ I^o^th^ 
breadth^ and thickness^ no one has yet undertaken to* 
esqplain. 

It has, however, been justly said by Herschel : — 

^^ It is the boast of science to have been able to trace 
so far the refined contrivances of this most admiraUe 
organ, not its shame to find something still ocmcealed 
from scrutiny; for, however anatomists maydijffiar on 
points of structure, or physiologists dispute on modes of 
action, there is that in what we do understand o£ the 
formation of the eye, so similar, and yet so infinitely 
superior to a product of human ingenuity ; sudt thoc^ht, 
such care, such refinement, such advantage taken of the 
properties of natural agents used as mere instruments^ 
for accomplishing a given end, as force upon us a con- 
viction of deliberate choice and premeditated design, 
more strongly, perhaps, than any single contrivance to 
be found whether in art or nature, and renders its study 
an object of the greatest interest/^* 

Has the reader ever asked himself why it is, having 
two eyes, and consequently two pictures produced upon 
the tablets of vision, that we see only one object ? Ac- 
cording to the law of visible direction, all the rays pass- 
ing through the crystaUine lenses converge to one point 
upon the retina, — and as the two images are coincident 
and nearly identical, they can only produce the sensation 
of one upon the brain. 

When we look at any round object, as the ornamented 

' moderator lamp before us, first with one eye, and then 

with the other, we discover that, with the right eye, we 

=?-- Herschel, On Lij'A^^—- EncyclopaDdia Metropolitana. 
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see most of theright-liaiid side of the lamp^ and with the 
left egre iiK»e of the left-hand side. These two images 
«e combined, and we see an object whidi we know to 
boiound. 

nds k iUnstrated in a miost interesting manner by 
the little c^tical instrument, the Stereoscope. It consists 
ctther of two mirrors placed each at an angle of 45^, or 
of two semi-lenses turned with their carved aides towards 
each other. To view its phenomena, two pictnres are 
obtaiMed by the camera obscura cm ][^otographic paper 
«f aHjr object in two positions, correspon^ng with the 
cmditmis of viewing it with the two eyes. By the 
nirnm or the lenses these dissimilar pictures are com- 
bined within the eye, and the vision of an actually solid 
^eet is produced fix»n the pictures represented on a 
plane surface. Hence the name of the instrument; 
wha^ signifies, SoHd I see. 

Analogy is often of great vahie in indicating the 
direeticm in which to seek for a truth ; but analogical 
evidence, nnless where the resemblance is very striking, 
siKmld be recdved with cantion. Mankind are so ready 
to teap to conclusions without the labour necessary for 
a faithful elucidation of the truth, that too often a few 
points o! resemblance are seized upon, and an inference 
is drawn which is calculated to mislead. 

There is an idea that the phenomena of sound bear a 
relation to those of light, — ^that there exists a resem- 
blance between the chromatic and the diatonic scales. 
Soond, we know, is conveyed by the beating of material 
particles — ^the air — ^upon the auditory membrane of the 
ear, whidi have been set in motion by some distant dis- 
turbance of the medium through whidi it passes. Li^t 
has been supposed to act on the optic nerve in the same 
manner. If we imagine colour to be the result of vibra- 
tions of difiPerent vdiocities and lengths, we can under- 
stand that under some of these tremors, first established 
on the nerves, and through them conveyed to the brain^ 
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sensations of pain or pljeasure may result^ in the same 
way as. sharp or subdued sounds are disagreeable or 
otherwise. Intensely coloured bodies do make an im- 
pression upon perfectly blind men; and those who, 
being bom blind, know no condition of light or colour, 
will point out a difference between strongly illuminated 
red and yellow media. When the eyes are closed we 
are sensible to luminous influence, and even to differ- 
ences of colour. We must consequently infer that light 
produces some peculiar action upon the system of nerves 
in general ; this may or may not be independent of the 
chemical agency of the solar radiations ; but certainly 
the excitement is not owing to any calorific influence. 
The system of nerves in the eye is more ddicately 
organized, and of course peculiarly adapted to all the 
necessities of vision. 

Thus far some analogy does appear to exist between 
light and sound; but the phenomena of the one are so 
much more refined than those of the other — ^the 
impressions being all of them of a far more complicated 
character, that we must not be led too far by the analo- 
gical evidence in referring light, like sound, to mere 
material motion. 

It was a beautiful idea that real impressions of ex- 
ternal objects are made upon the seat of vision, and that 
they are viewed, as in a picture, by something behind 
the screen, — ^that these pictures become dormant, but 
are capable of being revived by the operations of the 
mind in pecuhar conditions ; but we can only regard it 
as a philosophical speculation of a poetic character, the 
truth or falsehood of which we are never likely to be 
enabled to establish.* 

* " I would here observe that a consideration of many such 
phenomena (the obliteration and revival of photographic drawings) 
has led me to regard it as not impossible that the retina itself may 
be photographically impressed by strong light, and that some at 
least of the phenomena of visual spectra and secondary colours 
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That which sees will never itself be visible. The 
secret pnnciple of sensation^ — the mystery of the life 
that is in us, — ^will never be unfolded to finite minds. 

Numerous experiments have been made firom time to 
time on the influence of light upon animal life. It has 
been proved that the excitement of the solar rays is too 
great for the healthful growth of young animals ; but, 
at the same time, it appears .probable that the develop- 
ment of the functional organs of animals requires, in 
some way, the influence of the solar rays. This might, 
indeed, have been inferred from the discovery that 
animal life ceases in situations from which light is 
absolutely excluded. The instance of the Proteus of the 
niyrian lakes may appear against this conclusion. This 
remarkable creature is found in the deep and dark 
recesses of the calcareous rocks of Adelsburg, at Sittich ; 
and it is stated, also in Sicily, and in the Mammoth caves 
of Kentucky. Sir Humph^ Davy describes the Proteus 
anguinus as ^^ an animal to whom the presence of light 
is not essential, and who can live indifierently in air and 
in water, on the surface of the rock, or in the depths of 
the mud.'' The geological character of rocks, however, 
renders it extremely probable that these animals may 
have descended with the water, percolating through 
fissures from very near the surface of the ground. All 
the facts with which science has made us acquainted — 
and both natural and physical science has bc^n labour- 
ing with most untiring industry in the pursuit of truth 
— ^go to prove that light is absolutely neccessary to 
organization. It is possible the influence of the solar 
radiations may extend beyond the powers of the human 
senses to detect luminous or thermic action, and that 

may arise from the sensorial perception of actual changes in pro- 
gress in the physical state of that organ itself subsequent to the 
cessation of the direct stimulant." — On the action of the Rays qf 
the Solar Spectrum on Vegetable Colours^ 8fc. : by Sir J. F. W. 
Herschel, Bart. 
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consequently a development ot animal and v^etable 
farms may occur where the human eye can detect no 
light ; and under such conditions the Proteus may be 
produced in its cayemous abodes^ and also those creatures 
which live buried deep in mud. Some further con- 
8idaration of the probable agency of light will occupy us^ 
when we come to examine the phenomena of vital 
forces. 

Light is essentially necessary to vegetable life; and 
to it science refers the powers which the plant possesses- 
of separating carbon from the air breathed by the 
leaves^ and secreting it within its tissues for the pur* 
pose <rf adding to its woody structure. As, however^ 
we have, in the growing plant, the action of several 
physical powers exerted to different ends at the same 
time, the remarkable &cts which connect themselves 
with v^etable chemistry and physiolc^ are deferred for 
a separate examination. 

Tlie power of the solar rays to produce in bodies that 
peculiar gleaming light which we call phosphorescence, 
and the curious conditions under which this phenome- 
non is sometimes aj^mrent, independent of the sun^s 
direct influence, present a very remarkable chapter in 
the science of luminous powers. 

The phosphorescence of animals is amongst the most 
surjoising of nature^s phenomena, and it is not the 
less so from our almost entire ignorance of the cause of 
it. Many very poetical fancies have been applied in 
description of these luminous creations ; and imagina- 
tion has foimd reason why they should be gifted with 
these extraordinary powers. The glow-worm lights her 
lamp to lure her lover to her bower, and the luminous 
animalcules of the ocean are employed in lighting up 
the fathomless depths where the sun^s rays cannot 
penetrate, to aid its monsters in their search for prey. 
" The lamp of love — ^the pharos — ^the telegraph of the 
night, — ^which scintillates and marks, in tike silence of 
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darkness, the spot appointed for the lover^s rendezvous/^* 
is bat a pretty fiction ; for the glow-worm shines in its^ 
infant state, in that pf the larva, and when in its aurdian 
condition. ^ Of the dark depths of the ocean it may be 
safely affirmed that no organized creation lives or 
moves in its grave-like silence to require this fairy aid. 
Fiction has frequently borrowed her creations from 
sdence. In these cases science appears to have made 
free with the rights of fiction. 

The glow-worms {lampyris nociiluca), it is well known,. 
have the power of emitting from their bodies a beautifrd 
pale bluidi- white light, shining during the hours of 
oi^t in the hedge-row, like crystal spheres. It appears, 
ttGm the observations of naturalists, that these insects 
never exhibit their light without some motion of the 
body or legs; — from this it would seem that the 
phosphorescence was dependent upon nervous action, 
regulated at pleasure by the insect ; for they certainly 
have Ac power of obscuring it entirely. If the glow- 
wcnm is crushed, and the lumds or £Btce are rubbed with 
it, luminous streaks, similar to those produced by 
pho^horus, appear. They shine with greatly iaereased 
brilliancy in oxygen gas and in nitrous oxide. From 
these £Eicts may we not infer that the process by which 
this luminosity is produced, whatever it may be, has a 
strong resemblance to that of respiration ? 

latere are several varieties of flies, and three species of 
beetles of the genus Elater, which have the power of 
emitting luminous rays. The great lantern-fly of South 
America is o»e of the most brilliant, a single insect 
giving sufficient light to enable a person to read. In 
Surmam a very numerous class of these insects are 
found, which often iQuminate the air in a remarkable 
manner. In some of the bogs of Ireland a worm exists> 
which gives out a bright green light; and there are 

* Dumeril. 
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many other kinds of creatures which, under certain 
circumstances, become luminous in the dark. This is 
always dependent upon vitality ; for all these animals, 
when deprived of life, cease to shine. 

At the same time we have many very curious 
instances of phosphorescence in dead animal and 
vegetable matter; the lobster among the Crustacea, and 
the whiting among fishes, are 'striking examples; 
decayed wood also emits much light under certain con- 
ditions of the atmosphere. This development of light 
does not appear to be at all dependent upon putrefac- 
tion ; indeed> as this process progresses, the luminosity 
diminishes. We cannot but imagine that this light is 
owing, in the first place, to direct absorption by, and 
fixation within, the corpuscular structure of those bodies, 
and that it is developed by the decomposition of the 
particles imder the influence of our oxygenous atmos- 
phere. 

The pale light emitted by phosphorus in the dark is 
well known; and this is evidently only a species of slow 
combustion, a combination of the phosphorus with the 
oxygen of the air. Where there is no oxygen, phospho- 
rus will not shine ; its combustion in chlorine or iodine 
vapour is a phenomenon of a totally different character 
from that which we are now considering. This phos- 
phorescence of animal and vegetable matter has been 
regarded as something different from the slow combus- 
tion of phosphorus; but, upon examination, all the 
chemical conditions are found to be the same, and it is 
certamly due to a similar chemical change. 

The luminous matter of the dead whiting or the 
mackerel may be separated by a solution of common 
salt or of sulphate of magnesia ; by concentrating these 
solutions the light disappears; but it is again emitted 
when the fluid is diluted. The entire subject is, how- 
ever, involved in the mystery of ignorance, although it 
is a matter quite within the scope of any industrious 
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observer. The self-emitted light of the carbimcle of the 
romancer is realized in these remarkable phenomena. 

The phosphorescence of some plants and flowers is 
not^ perhaps^ of the same order as that which belongs to 
either of the conditions we have been considering. It 
appears to be due rather to an absorption of light and 
ito subsequent liberation. If a nasturtium is plucked 
during sunshine^ and carried into a dark room^ the eye, 
after it has reposed for a short time^ will discover the 
flower by a light emitted from its leaves. 

The following remarkable example^ and an explana* 
tion of it by the poet Groethe, is instructive : — 

"On the 19th of June, 1799, late in the evening, 
when the twilight was deepening into a clear night, as I 
was walking up and down the garden with a Mend, we 
very distinctly observed a flame-like appearance near 
the oriental poppy, the flowers of which are remarkable 
for their powerful red colour. We approached the place, 
and looked attentively at the flowers, but could perceive 
nothing further, till at last, by passing and repassing- 
repeat^y, while we looked side- ways on them, we suc- 
c^ded in renewing the appearance as often as we 
pleased. It proved to be a physiological phenomenon, 
and the apparent corruscation was notlnng but the 
spectrum of the flower in the complementary blue-green 
colour. The twilight accounts for the eye being in a 
perfect state of repose, and thug very susceptible, and 
the colour of the poppy is suflBciently powerful in the 
summer twiUght of the longest days to act with ftdl 
eflFect, and produce a complementary image/^* 

The leaves of the cenothera macrocarpa are said to 
exhibit phosphoric light when the air is highly chained 
with electricity. The agarics of the olive-groimds of 
Montpelier have been observed to be luminous at night ; 
but they are said to exhibit no light, even in darkness, 

* Theory of Colours : by Goethe; translated by Eastlake. 
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Staring the dajf. The subterranean passages of tbe coal 
mines near Dresden are illuminated by the phospho;' 
jresoent light of the rhizomorpha phosphoreus, a peculiar 
fungus. On the leaves of the Pindoba palm^ a speeies 
of agaric grows which is exceedingly luminous at night ; 
and many varieties of the lichens^ creeping along the 
roofs of caverns, lend to them an air of enchantment by 
the SO& and dear light which they diffuse. In a smaD 
«ave near Penryn, a luminous moss is abundant ; and it 
is also found in the mines of Hesse. Accorfing to 
Hdnzmann, the rMzomarpha subierranea and aiduke 
are also phosphorescent. 

It is but lately that a plant which abounds in the 
jungles in the Madura district of the East Indies was 
sent to this country, which, although dead, was 
remarkably plK)8phorescait ; and, when in the living 
state, the light which it emitted was extraordinarily 
vivi^ illuminating the ground for some distance. 
Those remarkable effects may be due, in some cases, to 
the separation of j^osphuretted hydrogen from decom- 
posing matter, and, in others, to some peculiar electric 
manifestation. 

The phosphorescence of the sea, or that condition 
called hy fisherm^i brimy, when the surface, being struck 
by an oar, or the paddle-wheels of a steamer, gives out 
large quantities of light, has been attributed to the pre- 
sence of myriads of minute insects which have the power 
of emitting light when irritated. The night-shining 
nereis {Nereis noctHuca) emits a light of great brilliancy, 
as do several kinds of the mollusca. The nereides 
attach theiiiselves to the scales of fishes, and thus 
frequently render them exceedingly luminous. Some 
of the crustacese possess the same remarkable property ; 
— twelve different species of cancer were taken up by 
the naturalists of the Zaire in the Gulf of Guinea.* The 
cancer falgens, discovered by Sir Joseph Banks, is 
^ See Tuckej'fl Nanative of the Expedition of tbe Zaire. 
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enabled to illumiiiate its whole body^ and emits vivid 
flashes of light. Many of the medusae also exhibit 
powerfbl phosphorescence.* These noctilucous creatures 
are, many of them^ exceedingly minute^ several thou- 
sai&ds being found in a tea-cup of sea water. They float 
near the sinr&ce in countless myriads^ and when dis- 
iurbed they give out briUiant scintillati<»is, often leaving 
41 train of light behind them.f By miscrosc(^ic ex- 
amination no other fact has been elicited than that these 
. miniite beings contain a fluid which^ when squeezed out^ 
leaves a line of light upon the surface of water. The 
ai^pearance of these creatures is almost invariably on the 
«ve of some change of weather^ which woidd lead us to 
suppose that their luminous phenomena must be con« 
BC^sted with electrical excitation; and of this^ the 
investigations of Mr. C. Peachy of Fowey^ communicated 
to tiie British Association at Birmingham^ furnish the 
most satisfactory proofs we have as yet obtained. 

Benvenuto CelUni give a curious account of a car- 
buncle which shone with great brilliancy in the dark.^ 
The same thing has been stated of the diamond ; but it 
appears to be necessary to procure these emissions of 

^ The most complete examination of this subject will be found 
in two Memoira : — 

1. Espenments tmd •bservatioms on the U§1U mkich %$ spfmtaneoush 
emitted with some degree of permanency from various bodies. — PhiL 
Trans., vol. xc, 

2. A continuation of the above, with tome experiments and obser- 
vations on solar liyht^ when imbibed by Canton's phosphorus : by 
Nathaniel Hulm, M.D. — Phil. Trans., vol. xci. ; and in the Mono- 
graph of the British Naked-eyed Medusa, by Professor Edward 

Forbes (published for the Bay Society). See Wilson's note to the 
account of Pennalata phosphorea in Johnston's Zoophytes, 2nd 
edition. 

f A General Outline f/the Animal Kingdom : by Thomas Rymer 
' Jones, F.L.S.— AcalephsB, p. 64. Lettre d ^/. Dumas sur la Pho§- 
johorescence des Vers luisants: par H, Cli. MatteuccL — Annalee de 
Chimie. vol. ix. p. 71, 184S. 

I Memoirs of BenveMuto CeOini — Bohn's Standard Library. See 
also bis Treatise on his Art as a Sculptor and Engraver. Floceaoe, 
J 568. 4to. 
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light, that the minerals should be first warmed near a 
a fire. From this it may be infered that the luminous 
appearance is of a similar character to that of fluor 
spar, and of numerous other earthy minerals, which, 
when exposed to heat, phosphoresce with great brilliancy. 
Phosphorescent glow can also be excited in similar 
bodies by electricity, as was first pointed out by Fathar 
Beccaria, and confirmed by Mr. Pearsall.* These 
effects, it must be remembered, are distinct from the 
electric spark manifested upon breaking white sugar in 
the dark, or scratching sulphuret of zinc. 

In the instances adduced there is not necessarily any 
exposure to the sunshine required. It is probable that 
two, if not three, distinct phenomena are concerned in 
the cases above quoted, and that all of them are distinct 
from animal phosphorescence, or the luminous appear- 
ance of vegetables. They, however, certainly prove, 
either that fight is capable of becoming latent, or that it 
is only a condition of matter, in which it may be made 
manifest by any disturbance of the molecular forces. 

* Phosphorescence of the Diamond : by M. Keiss (Revue Scien- 
tifique et Industrielle, vol. xxiii. p. 185). — " The diamond, phos- 
phorescent by insulation, lost rapidly its phosphorescence when 
submitted to the action of the red rays of the solar spectrum. 
On the contrary, the blue rays are those which render the diamond 
the most luminous in the dark. It is probable that the phospho- 
rescence produced by heat is equally diminished by the action of 
the red rays of the solar' spectrum." Giovanni Battista Beccaria 
published his experiments in 1769. See Priestley's History of 
Electricity ; and On the Effects of Electricity upon Minerals which 
are Phosphorescent by Heat ; and Further Experiments on the com- 
munieation of Phosphorescence and Colour to bodies of Electricity ; 
by Thomas J. Pearsall. — Journal of the Royal Institution of 
Great Britain, Oct. 1830, Feb. 1831. — These two memoirs contain 
the most complete set of experiments on this subject which have 
yet been made; see Placidus Heinrichj Phosphorescem der Korper,. 
vol. iv. ; Gmelin's Handbuch der Chemie^ part 1.; — On the Phos 
phorescence of Minerals, Brewster : Edinburgh Philosophical 
Journal, vol. i. p. 137. ; — The d'erial Noctiluca, or some New 
Phenomena, and a process of a factitious self-shining substance :■ 
Boyle's Works, vol. iv. 
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We hK9e, in answer to this^ very distinct evidence that 
some bo£es do derive this property from the solar rays. 
Canton's phosphoms^ wliidi is a suli^nret of cakhun^ 
'w3i,hKnDg'bem exposed to the snn^ continue Inminoos 
fiir scHoe time after it- is carried into the dark ; as will 
dbotlie Bolognian stone, — a sulphnret of barium. This 
lesolt appears to be dne to a particalar class of the solar 
nys; for it has been found, if these salphnrets, spread 
SBOcitUy on paper, are exposed to the influence df tiie 
mokat spectnun for some little time, and then examined 
in the dark, that Inminoos spaces ajqsear^ exactly oor- 
lemponding with the most r^-angible rays^ or those 
whidk excite diemical change; and one very remarkable 
&ct must not be foi^tten — the dark rays of the spec^ 
tmm beyond the violet produce a lively phosphorescence, 
whidi is extingnished by the action of the rays of least 
refirangibility, or the heat rays — ^whilst artificial heat, 
sndi as a warm iron, produces a very considerate 
elevation of the phosphorescent effect.* It is not impro- 
bable, that the fluorescent rays of Mr. Stokes may be 
matenaUy concerned in producing the phenomena of 
phosphorescence : experiments are, however, required to 
prove this. 

In these allied phenomena we have effects which are 
evidenti^ dependent upon several dissimilar causes. 
The phosj^rescence of the living animal is due, with- 
out doubt, to nervoi» exdtation : that oS the living 
vegetable to solar luminous influence ; and in the case 
of the mosses of caverns, &c, to the chemical sgency of 
the sun^s rays, which appears to be capable of con- 
duction. In the dead organic matter we have a purely 
chemical action devdqping the hght, and in the iiK»r- 

^ De$ Eff€t9 prodnits smr les ecrpaper Um Bayoms Soltnres: 
par M. EdmoDd^ecquefel.— AsBaLes de Chimie, toL vl, p. 257. 
1843. 

M. Becquerel has applied the teim phospiorogeniqtie to those 
rays prodocingr phosphorescence. 
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ganic bodies we have peculiar molecular constitution^ by 
which an absorption of light appears to take place. 
• The subject is one of the greatest diflBculty; the 
torch of science is too dim to enable us to see the causes 
at work in producing these marvellous effects. The 
investigation leads^ to a certain extent^ to the eluddi^ 
tion of many of the secrets of luminous action ; and the 
determination of the question, whether light is au 
emanation from the sun, or only a subtile principle 
diffused through all matter, which is excited by solar 
influence, is intimately connected with the inquiry. 

It has been stated that matter is necessary to the 
development of light ; that no luminous effect would be 
produced if it were not for the presence of matter. Of 
this we not only have no proof, but such e\idence as we 
have is against the position. There is no loss^of light in 
the most perfect vacuum we can produce by any artifi<^ 
means, which should be the case if- matter was concerned 
in the phenomena of light, as a cause. 

Colour is certainly a property regulated by material 
bodies; or rather, the presence of matter is necessary to 
the production of colour. Chlorine gas is a pale yellow, 
and nitrous vapour a yellowish red. These and one or 
two other vapours, which are near the point of con- 
densation into fluids, are the only coloured gaseous or 
vaporiform bodies. The sky is blue, because the 
material particles of the atmosphere reflect back the 
' y.ue rays. But we have more practical illustrations 
'jtiian this. The flame of hydrogen burning with oxygen 
gives scarcely any light; allow it to impinge on lime, a 
portion of which is carried off by the heat of the flame, 
and the most intense artificial light with which we are 
acquainted is produced. Hydrogen gas alone gives a 
flame in which nearly all but the blue rays are wanting : 
place a brush of steel or asbestos in it, and many of the 
other rays are at once produced. An argand lamp, and 
more particularly the lamp in which camphine — a 
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purified turpentine, — is burnt, gives a flame which emits 
most of the rays found in simlight. Spirit of wine 
mixed with water, warmed and ignited, gives only yellow 
rays ; add nitrate of strontian and they become red ; but 
nitrate of barytes being mixed with the fluid, they are 
c^iaxiged to green and yellow; salts of copper aflbrd fine 
blue rays, and common salt intense yellow ones. Many 
of these coloured rays and others can be produced in 
great power by the use of various solid bodies introduced 
into flame. This has not been sufiiciently pointed out 
by authors ; but it is clear fi:om experiments that light 
requires the presence of matter to enable it to diffuse ita 
coloured glories. How is it that the oxygen and 
l^rdrogen flame gives so little light, and with a solid 
body present, pours forth such a flood of brilliancy ? 

GHie production of artificial light by electrical and 
<;bemical agencies will necessarily find some consideration 
imder their respective heads. There are nmnerous 
phenomena which connect themselves with luminous 
power, or appear to do so, which, in the present state of 
crar knowledge, cannot come immediately under our 
attention. We are compelled to reserve our limited 
space for those branches of science which we are enabled 
to connect with the great natural operations constantly 
going on around us. Many of these more abstruse 
results will, however, receive some incidental notice 
when we come to examine the operation of the combined 
physical forces on matter. 

We see in light a principle which, if it has not its 
Source in the sun, is certauily dependent upon that 
luminary for its manifestations and powers. From that 
*' fountain of light " we find this principle travelling to 
us at a speed which almost approaches the quickness of 
thought itself; yet by the refinements of science wc 
have been enabled to measure its velocity with the 
iatmost accuracy. The immortal poet of our own land 
and language, in his creations of Ariel, that, "tricksy 
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spirit/' who could creep like music upon the waters, and 
of the fantastic Puck, who could girdle the earth in 
thirty minutes, appears to have approached to the 
highest point to which mere imagination could cany the 
human mind as to the powers of things ethereal. 
Sdence has, since then, shown to man that this " spirit, 
fine spirit,'' was a la^urd inhis tasks, and a gross piece 
of matter, when compared with the subtile essences 
which man. Eke a nobler Pirospero, has now subdued to 
do him service. 

Light is necessary to life; thti world was a dead 
chaos before its creation, and mute disorder would again 
be the consequence of its annihilation. Every charm 
which spreads itself over this rolling globe is directly^ 
dependent upon luminous power. Colours, and pro-^ 
bably, forms, are the result of light ; certainly the con- 
sequence of solar radiations. We know much of the 
mysterious influences of this great agent, but we know 
nothing of the principle itself. The solar beam has. 
been tortured through prismatic glasses and natural 
crystals; every chemical agent has been tried upon it, 
every electricjd force in ithe most excited state brought 
to bear upon its operations, with a view to the discovery^ 
of the most refined of earthly agencies ; but it has passed 
through every trial without revealing its secrets, and 
even the eflFects which it produces in its path are unex- 
plained problems, still to tax the intellect of man. 

Every animal and every plant aEke proclaim that life 
and health are due to light ; and even the crystallizing 
forms of inorganic matter, by bending towards it, con- 
fess its all-prevailing sway. From the sun to each 
planet revolving around that orb, and to the remotest 
stars which gleam through the vast immensity of heaven, 
we discover this power still in its brightness, giving 
beauty and order to these unnumbered creations, no 
less coinpletely than to this small island of the universe 
which we- call our Earth. Through every form of matter 
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ire can mark its power, and fipom all, we can, under cer- 
tain conditions, evoke it in lustre and activity. Over all 
and through all light spreads its ethereal force, and mani- 
fests, in all its operations, powers which might well exalt 
the mind of Plato to the idea of an omniscient and omni- 
present God. Science, with her Ithuriel wand, has, how- 
ever, shown that light is itself the effect of a yet more 
^exalted cause, which we cannot reach. 

Indeed, the attentive study of the fine abstractions of 
.43cience lifts the mind from the grossness of matter, step 
l>y step, to the refinements of immateriality, and there 
4q)pear, shadowed out beyond the physical forces which 
man can test and try, other powers still ascending, until 
ihey reach the Source of every good and every perfect 
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GHAPTEU YIII. 

ACTINISM CHEMICAL RADIATION?. 

The Sun-ray and its Powers— Darkening of Horn Silver — 
Niepce's Discovery — Prismatic Spectrum — Refrangibility of 
Ligiit, Heat, and Actinism — Dagnerre's Discovery — Pboto- 
gi'aphy — Chemical Effects produced by Solar Radiations — 
Absorption of Actinism— 'Phenomena of the Dagnerreotype 
— Chemical Change produced upon all Bodies— Power of 
Matter to restore its Condition — Light protects from Che* 
mical Change — Photographs taken in Darkness — Chemical 
Effects of Light on organized Forms — Chemical Effects of 
Solar Heat — Influence of Actinism on Electricity — Eadior 
tions in Darkness — Moser's Discoveries, &c. 

Heat and light are derived from the sun, and we have 
attempted to show, not only that the phenomena of 
these two principles are different, but that they can 
scarcely, in the present condition of our knowledge, be 
regarded as modified manifestations of one superior 
power. Associated with these two remarkable elements, 
others may exist in the solar rays. Electiical pheno- 
mena are certainly developed by both heat and light, 
and peculiar electric changes are produced by exposure 
to sunshine. Electricity may be merely excited by the 
solar rays, or it may flow like light from the sun. 
Chemical action may be only due to the disturbance of 
some diffused principle ; or it may be directly owing to 
some agency which is radiated at once from the sun. 

A sun ray is a magical thing : we connect it in our 
fancy with the most ethereal of possible creations. Yet 
in its action on mattisr it produces colour ; it separates 
the particles of solid masses farther from each other^ 
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and it breaks up some of the strongest forces of chemi- 
cal afiSnity. To modem science is entirely due the 
knowledge we have gained of the marvellous powers of 
the sunbeam ; and it has rendered us familiar -with 
phenomena^ to which the incantation scenes of the 
Cornelius Agrippa^ of the dark ages were but ill-con- 
trived delusions^ and their magic mirrors poor instru- 
ments. The silver tablets of the photographic artist 
receiving fixed impressions of the objects represented in 
the dark chamber by a lens, are far superior as ex- 
amples of natural magic. 

In the dark ages, or. rather as the earliest gleams of 
the bright morning of * inductive research were dis- 
pelling the mists of that phantom-peopled period, it was 
observed, for the first time, that the sun^s rays turned a 
white compound black. Man must have witnessed, long 
before, that change which is constantly taking place in 
all vegetable colours : some darkening by exposTire to 
sunlight, while others were bleached by its influence. 
Yet those phenomena excited no attention, and the 
world knew nothing of the mighty changes which were 
constantly taking place around them. The alchemists 
—sublime pictures of credulous humanity — ^toiling in 
the smoke of their secret laboratories, waiting and 
watching for every change which could be produced by 
fire, or by their " royal waters," caught the first faint 
ray of an opening truth ; and their wild fancy, that 
light could change silver into gold, if they but succeeded 
in getting its subtile beams to interpenetrate the metal, 
was the clue afforded to the empirical philosopher to 
guide him through a more than Cretan labyrinth.* 

* See Researches on Lights by the Author. — Keference to any of 
the works of the alchemists will prove the prevalence of the idea 
expressed in the text. We find that gold was considered to be 
always under the influence of light and solar heat. — " It is said of 
gold that it waxeth cold towards daylight, insomuch that they who 
wear rings of it may perceive when the day is ready to dawn."— 
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The first £act recorded upon tiiis point was^ that horn . 
silrer blackened when exposed to the light. Without 
doubt many anxious thoughts wexe given hj these 
alchemists to that &ct. Here was, as it appeared, .a 
mixing up of light and matt^, and bdudd the 
striking cfaai^ ! It was a st^ towards therealizaHoii 
of thdr dreams. Alas ! poor visionaries ! in purswdng 
an ideality the$r lost tike reality which was wi&in their 
grasp. 

Truths ccmie slowly upon man, and long it is before 
these angel visits are acknowledged by humanity. The 
woiid clings to its errors, and avoids the truth, lest its 
light should betray their misa:able follies. 

At length a man of g^uus announced that "No sub^ 
stance eon be exposed io the nais rays unlhout mmder- 
going a chemical change-^^ but his w<H*ds fell idly upon tiie 
ear. His friends looked upon his light-produced pictures 
as singular ; they preserved diem in their cabuiets of 
curiosities ; but the truths which he enunciated weate 
soon forgotten. Howbeit his words were recorded, and 
it is due to the solitary experimentalist of Chalons on 
the Saone, to couple the name of Niepce with the dis- 
covery of a fact which is scarcely second to the devdop- 
ment of the gre^ law of universal gravitation.* But 
an examination awaits us, which, for its novelty, has 
more charms than most branches of science, and which, 
for the extensive views it opens to the inquirer, has an 
interest in nowise inferior to any other physical investi- 
gation. 

The prismatic spectrum affords us the means of ex- 
amining the conditions of the solar rays with great 

Speculum Mundi, or a Glass representing the face of the World. 
Oamhridge, 164«i. 

* Daguerre's Report to tlie Academy of Sciences : La Daguer^ 
riotype Historique, et description des proc^dis du Daguerreotype et 
du Diorama (Paris, 1839) ; pailicularly the description of Helia- 
graphg, by M. Niepoe. See also the letters by Niepce, patched 
for the first time in Researches on Light. 
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facility. In bending the ray of white light out of its 
path, by means of a triangular piece of glass^ we divide 
it in a remarkable manner. We learn that heat is less 
refracted by the glass than the other powers ; we find 
the maximum point of the calorific rays but slightly 
thrown out of the right line^ which the solar pencil would 
lia;ve taken^ had it not been interrupted by the pri&m ; 
and the thermic action is found to diminisJi with much 
regularity on either side of this line. We discover that 
the luminous power is subject to greater re&action, and 
that its maximum lies considerably above that of heat ; 
and that^ in like manner^ on each side the light 
diminishes, producing orange^ red, and crimson colours 
below the maximum point, and green, blue, and violet 
above it. Again, we find that the radiations which 
produce chemical change are more refrangible thaa 
either of the others, and the maximum of tins power is 
found at the point where light rapidly diminishes, and 
-where scarcely any heat can be detected : it extends in 
fiill activity, above its maximum, to a considerable dis- 
tance, where no trace of light under ordinary conditions 
exists, and below that point, until Hght, appearing to 
act as an interfering agent, quenches its peculiar pro- 
perties. These are strong evidences that light and 
acimum — as this principle has been named — ^are not 
identical : and we may separate them most easily and 
effectually from each other. Certain glasses, stained 
dark blue, with oxide of cobalt, admit scarcely any 
light; but they offer no interruption to the passage <^ 
actinism or the chemical rays ; on the contrary, a pure 
yellow glass, or a yeUow fluid, which does not sensibly 
reduce the intensity of any one colour of the chromatic 
band of luminous rays, completely cuts off this chemical 
principle, whatever it may be. In ad£tion to these, 
there are other ^results which we shall have to describe, 
whidi prove that, although associated in the solar beam, 
light and actinism are in constant antagonism. 
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"When Da^erre first published his great discovery^ 
the European pubUe regarded his metal tablets with 
feelings of wonder : we have grown accustomed to the 
beautSbl phenomena of this art, and we have become 
acquainted with a number of no less beautiM processes 
on paper, all of which, if studied aright, must convince 
the most superficial thinker, that a world of wonder lies 
a little beyond our knowledge, but within the reach of 
industrious and patient research. Photography is the 
name by which the art of sun-painting will be for ever 
known. We regard this as unfortunate, conveying as it 
does a false idea, — the pictures not being liffhUdrawn. 
Could we adopt the name given by Niepce to the pro- 
cess, the diflficulty would be avoided, since HeUography 
involves no hypothesis, and strictly tells the undeniable 
tnith, that our pictures are sun-drawn. That pictures^ 
can be produced by the rays from artificial sources, 
presents no objection to this; these rays were still 
originally derived from the sim. 

By whatever name we determine to convey our 
ideas of these phenomena, it is certain that they involve 
a series of effects which are of the highest interest to 
every lover of nature, and of the utmost importance to 
the artist and the amateur. By easy manipidation we 
are now enabled to give permanence to the charming^ 
pctures which are produced by means of that pleasing 
invention of Baptista Porta, the Camera Obscura. Any 
image, which being refracted by the lens of this instru- 
ment falls bpon the table in its dark chamber, may be 
secured with its most deUcate gradations of shadows, 
npon either a metallic or a paper tablet. 

But let us proceed to the examination of a few of the 
more striking phenomena of these chemical changes. 
To commence with some of the more simple but no less 
important results. 

Chlorine and hydrogen will not unite in darkness, 
nor will chlorine and carbonic oxide ; but, if either of 
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those gaseous mixtures is exposed to sunsliine, they 
combine rapidly, and often with explosion. A solution 
of the sulphate of iron in ordinary water may be pre- 
served for a long time in the dark without imdergoing 
nny change ; expose it to the sunshine, and a precipita- 
tion of oxide of iron is very rapidly produced. The 
mineral chameleon, the manganesiate of potash in solu- 
tion, is almost instantly decomposed in daylight ; but it 
is a long time before it undergoes any change in dark- 
ness. The same thing occurs li^dth a combination of 
platinum and lime : indeed, it appears that precipi- * 
tation is at all times, and under all circumstances, 
accelerated by the solar rays. As these precipitations 
««pe in exact agreement with the quantity of actinic 
radiation to which the solutions have been exposed, we 
may actually weigh off the relative quantities, represent- 
ing in grains the equivalent numbers to the amoimt of 
actinism which has influenced the chemical compoimd.* 

* ** If a solution of peroxalate of iron be kept in a dark place, 
or if it be exposed to 212' of Fahr. for several hours, it does not 
undergo any sensible change in its physical properties, nor does it 
exhibit any phenomenon which may be considered as the result of 
any elementary action. 

" K, however, it be exposed to the influence of solar light in 
a glass vessel provided with a tube, the concentrated solution of 
oxalate of iron soon presents a very interesting phenomenon : in 
a short time the solution receiving the solar rays, developes an 
infinite number of bubbles of gas, which rise in the liquor with 
increasing rapidity, and give the solution the appearance of a 
syrup undergoing strong fermentation. This ebullition always 
liecomes stronger, and almost tumultuous, when an unpolished* 
glass tube is immersed in it with a small piece of wood ; th& 
liquid itself is afterwards thrown into ascending and descending 
currents, becomes gradually yellowish, turbid, and eventually 
precipitates protoxalate of iron, in the form of small brilliant 
crystals of a lemon-yellow colour, gas continuing to evolve."" 
Chemical action of light y and formation of Humholdtine by it; 
Phil. Mag., 1832, second series. — "When a solution of plati- 
num in nitro-muriatic acid, in which the rttcess of acid has been 
neutralized by the addition of lime, and which has been well cleared 
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We have evidence wMch appears to prove that this 
chemical agent may be absorbed by simple bodies, and 
that by this absorption an actual change of condition is 
produced, in many respects analogous to tiiose allotropic 
changes which we have previously considered. Chlorine, 
in its ordinary state, does not combine with hydrogen in 
the dark. K we employ the yellow medium of chlorine 
gas, for the purpose of analyssing the sun^s rays pre- 
viously to their falling iq)on some chemical compound 
which is sensitive to actinic power, we shall find that 
' the chlorine obstructs all this actinism, and, however 
xmstable the compound, it remains unchanged. But the 
chlorine gas which has interrupted this wonderful agent, 
appears to have absorbed it, and it is so far altered in its 
constitution that it wiU unite unth hydrogen in the 
dark.* In like manner, if, of two portions of the same 
solution of sulphate of iron, one is kept in the dark and 
the other exposed to the sunshine, it will be found that 
the solution which has been exposed will precipitate 
gold and silver from their combinations much more 

by filtration, is mixed witli lime-watei* in the dark, no precipita- 
tion to any considerable extent takes place for a long while,— 
indeed, none whatever, though after very long standing a slight 
fiocky sediment is formed, after which the action is arrested 
entirely. But if the mixtiure, either freshly made or when cleared 
by subsidence of this sediment, is exposed to sunshine, it in- 
stantly becomes milky, and a copious formation of a white preci- 
pitate (or a pale yellow one, if the platinic solution be in excess) 
takes place, which subsides quickly and is easily collected. The 
same takes place more slowly in cloudy daylight'* — On the action 
of light in determining the precipilation of Muriate of Platinum by 
Lime water ; beinff an extract from a letter fiom Sir John Y, W. 
Herschel, K.H., F.R.S., &c., to Dr. Daubeny.— Phil. Mag. 1832. 

* On a change produced by Exposure to the Beams of the San, 
in the properties of an elementary substance, by Professor Draper; 
Oft the changes which bodies undergo in the dark, by Eobert Hunt : 
Keport of the Thirteenth Meeting of the British Association, vol. 
xii, — Description of the Tithonometer, an instrument for measuring 
-the chemical force of th^ Indigo-tithonic rays : by J. W. Draper, 
M.D.— Philosophical Magazine, Dec. 1843, vol. xxiiL 
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speedily than that which has been preserved in darkness 
— ^the temperature and every other condition being the 
same. 

The phenomena of the Daguerreotype involve many 
strange conditions. A plate of silver, on which a slight 
chemical action has been established by the use of iodm^ 
is exposed to the lenticular image in the camera 
obscura. If allowed to remain under the influence of 
these radiations for a sufficient length of time, a faithful 
picture of the illuminated objects is delineated on the 
plate, as shown by the visible decomposition and darken- 
ing of the iodised surfece. The plate is not, however,, 
in practice allowed to assume this condition; after an 
exposure of a few seconds the radiant influence is cut 
off, and the eye cannot detect any evidence of change 
upon the yellow plate. It is now exposed to the vapour 
of mercury, and that metal in a state of exceedingly fine 
division is condensed upon the plate ; but the conden^ 
sation is not uniformly spread Upon its face. The 
deposit of mercurial vapour is in exact proportion to the 
amount of chemical action produced. Is the change,^ 
by which this peculiar power of condensation is effected, 
a chemical, calorific, electrical, or merely a molecular 
one? The evidences, at present, are not sufficient to 
determine the question. It has lately been su^;ested, 
that the mercury acts chemically only, and effects the 
fiill decomposition of the iodide of silver; and that the 
picture is due to this, and not to the deposition actuaUy 
of the mercury vapour. In all probability we have the 
involved action of several forces. We have some ex- 
periments which show, clearly enough, that mercury is 
deposited in proportions which correspond with the 
intensity of solar action. A chemically prepared surface 
is not necessary to exhibit this result. A polished 
plate of metal, of glass, of marble, or a piece of painted 
wood, being partially exposed, will, when breathed upon, 
or presented to the action of mercurial vapour, show 



17-^1! CHEMICAL AND MOLECULAR 

that a disturbance has been produced upon the portions 
which were illuminated, whereas no change can be 
detected upon the parts which were kept in the dark. 
It was thought, until lately, that a few chemical com- 
pounds, such as the iodide of silver, the material em- 
ployed in the Daguerreotype and Calotype, — chloride of 
silver, the ordinary photographic agent, — a few salts of 
gold, and one or two of lead and iron, were the only 
materials upon which these very remarkable changes 
were produced. We now know that it is impossible to 
expose any body, simple or compound, to the sun's rays, 
without its being influenced by this chemical and mole- 
cular disturbing power.. To take our examples from 
inorganic nature, the granite rock which presents its 
uplifted head in firmness to the driving storm, the stones 
which genius has framed into forms of architectural 
beauty, or the metal which is intended to commemorate 
the great acts of man, and which in the himian form, 
proclaims the hero's deeds and the artist's talent, are 
all alike destructively acted upon during the hours oi 
sunshine, and, but for provisions of nature no less 
wonderful, would soon perish under the deUcate touch 
of the most subtile of the agencies of the imiverse. 

Niepce was the first to show that all bodies which 
underwent this change during dayUght possessed the 
power of restoring themselves to their original con- 
ditions during the hours of night, when this excitement 
was no longer influencing them. Resins, the Daguer- 
reotype plate, the unprepared metal tablet, and numerous 
photographic preparations, prove this in a remarkable 
manner.* 

-:« For several illustrations of this remarkable phenomenon, see 
€n the Action of the Rays of the Solar Spectrum on Vegetable 
Colours, and on some new Photographic Processes ; by Sir John F. 
W. Hei-schel, Bart., K.H., F.R.S.— Phil. Trans. June, 1842, vol. 
cxxxiii. ; On certain improvements on Photographic Processes 
described in a former communication, and on the Parathermic Rays 
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The picture which we receive to-day, unless we adopt 
some method of securing its permanency, fades away 
befiore the morrow, and we try to restore it in vaiH. 
With some of our chemical preparations this is very 
remarkably shown, but by none in so striking a maimer 
as by paper prepared with the iodide of platinum, which^ 
being impressed with an image by heliographic power, 
which is represented by dark brown tints, restores itself 
in the dark, in a few minutes, to its former state of a 
yellow colour, and recovers its sensibiUty to sunshine.* 
The inference we alone can draw from all the evidenceB 
which the study of actino-chemistry affords, is, that the 
hours of darkness are as necessary to the inorganic 
creation as we know night and sleep to be to the organic 
kingdom. But we must not forget that there does exist 
in the solar rays a balance of forces which materially 
modifies the amount of disturbing influence exerted by 
them on matter. Not only do we find that the chemical 
action is not extended over the whole length of the 
jHismatic spectrum, but we discover that over spaces, 
which correspond with the maximum points of light and 
heat, a protective action is exerted. That is, that 
highly sensitive photographic agents, which blackoi 
rapidly under exposure to diffused daylight, are entirely 
protected from change in full sunshine, if at the same 
time as a strong light is thrown upon them by reflection, 
the yellow and extra red rays are brought to bear upon 
their surface. Not only so, but by employing media 
which will cut off all the chemical rays of the spectrum, 
admitting freely at the same time the luminous and 
calorific rays, w€ find that a protected band, the length 



of the Solar Spectrum ; by Sir John F. W. Herschel, Baii;., K.H., 
F<R.S„ &c., in a letter aadi*ossed to S. Hunter Christie.^Phil. 
Trans. 1843, vol cxxxiv. 

* Sir J. F. W. Herschel ; see also Researches on Light, by the 
Author, 
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of tbe spectmin^ Temains white^ whilst every ol^er 
portion has bhickened.^ 

Among the many corions instances of natural magic^ 
none are more remarkable than an eKperiment not long 
since proposed^ by which Dagaerreoiype pieinres may 
be taken in absolute darkness to the human ^e. This 
is efiected in Ihe following manner : — A large prismatic 
spectrum is thrown upon a lens fitted, into one i^e of a 
dark chamber; and as we know that the actinic power 
resides in great activity beyond the violet ray^ where 
there is no lights the only rays which we allow to pass 
the lens into the chamber are those whidi are extra- 
spectral and non-luminous. These are directed upon 
any white object, and £rom that object radiated upon a 
highly sensitive plate in a camera obscnra. Thus a 
copy of the subject will be obtained by the agencr^ of 
radiations which produce no sensible e£Pect upcm the 
optic nerve. This experiment is the converse of those 
which show us that we 'may illuminate any object with 
the strongest sun-light which has passed through 
yeUow glass^the yellow solution of sulphuret of calcium^ 
or of the bichromate of potash — ^these being n(m- 
transparent to the chemical rays — and yet fail to 
secure any Daguerreotype copy of it, even upon 
the most exquisitely sensitive plate. Indeed, the 
image of the sun itself, when setting through an 
atmosphere which reduces its light to a red or rich 
yellow colour, not only produces no chemical change, 
but protects an iodized plate from it ; and whilst eyery 
other part of the tablet gives a picture of surrounding- 
objects in the ordinary character, the bright sim itself 
is represented by a spot upon which no change ha& 

» Attention has been directed to the protecting action of certain 
xays of the spectrum by Sir John Herschel and others. See the 
Eighteenth Kei)ort of the British Association for an experiment 
by the Author, in which it was prored that all the light rays pro- 
tected photographic papers from chemical change, and, therefore^, 
convincingly show that light and actinism were not similar powers* 
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taken place.* In tropical dimes, where a brilliant sun 
is giving the ntmost degree of illumination to all sur- 
roimding objects, all photographic preparations are 
acted upon relatively more slowly than in the climate of 
England, where the light is less intense. As a remark- 
a,ble instance of this fact, a circumstance may be- 
mentioned, which is curiously illustrative of the power 
of light to interfere with actinism : — 

A gentleman, well acquainted with the Daguerreo- 
type process, obtained in the city of Mexico all the 
necessary apparatus and chemicals, expecting, under the 
bright light and cloudless skies of that climate, to pro- 
duce pictures of superior excellence. Failure upon 
failure was the result; and although every care was 
used, and every precaution adopted, it was not until the 
rainy season set in that he could secure a good Daguer- 
reotype of any of the buildings of that southern city. 

The first attempts, which were made at the instigation 
of M. Arago, by order of the French Government, to 
copy the Egyptian tombs and temples, and the remains 
of the Aztecs in Central America, were failures. 
Although the photographers employed succeeded to 

• " Having noticed, one densely foggy day, that the disc of the 
sun was of a deep red colour, I directed my apparatus towards it. 
After ten seconds of exposure, I put the prepared plate in the 
mercury box, and I obtained a round image perfectly black; — the 
sun had produced no photogenic effect. In another experiment, 
I left the plate operating for twenty minutes ; the sun had passed 
over a certain space of the plate, and there resulted an image seven 
or eight times the sun's diameter in length ; it was black through- 
out, so that it was evident, wherever the red disc of the sun had 
passed, not only was there a want of photogenic action, but the 
red rays had desti-oyed the effect produced previous to the sun's 
passage. I repeated these experiments during several days 
successively, operating with a sun of different tints of red and 
yellow. These different tints produced nearly the same effect; 
wherever the sun had passed, there existed a black band.'* — Mr. 
Claudet, On different properties of SoUtr Radiation^ modified by 
coloured glass mediay 4*c. : Phil. Trans. 1847. Part 2. 

N 
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admiratian m Paris, in producing pictures in a few 
minutes, they found often that an exposure of an hour 
was insufficient under the bright and glowing illumina- 
tion of a southern sky* 

Experiments with the spectrum haye been made in 
. -dififerent latitudes, and it is found, that, as we proceed 
towards the equator, a band which is always left 
imchanged, corresponding exactly with the rays of 
^eatest illuminating power, regularly enlsui^es in size^ 
thus proving the increase of light over actinism — and 
the interfering power of the former. 

By increasing the sensibility of the photographic pre- 
paration, this difficulty is overcome, and particularly 
when any organic compound enters into the preparation. 
So that we are now enabled to copy nature in all her 
rarying moods, whether we employ our photographic 
tablets in temperate Europe, or in tropical Africa. 

The degree of sensibility which has been attained is 
remarkable. Mr. Fox Talbot, by uniting a process 
devised by Dr. Woods, of Parsonstown, and another 
which was first introduced by the author of this volume, 
and combining them with an ether, obtains a most 
unstable compound, which he thus employs. A glasi^ 
plate is covered with albumen united with the above 
solution, and then with nitrate of silver : this forms tho 
sensitive surface. The plate being placed in the dark, 
in a camera, it is so adjusted that the image of a 
printed bill fixed upon a wheel may fall upon it when 
uncovered, and the wheel illuminated. The wheel is 
made to revolve with the utmost rapidity, in a perfectly 
dark room, and the sensitive plate uncovered. Then 
the whirling bill is illuminated for an inappreciably short 
space of time by the discharge of a Leyden jar. 
l5^otwithstanding the rapid rate at which the printed 
paper is moving, and the instantaneous nature of the 
illumination — a miniature flash of lightning — ^the bill is 
found to be copied with unfailing fidelity upon the 
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pbotc^aphic plate. It unfortunately happens^ that the 
preparation by ' which this extraordinary degree of 
sensibility is obtained, is very uncertain in its action — 
and hence it is not generally useful ; but here we have 
the evidence to show that at a speed as rapid as that of 
a rifle-ball an impression may be made upon a photo- 
graphic plate. There are, however, some new processes 
which promise eventually to rival the above for sen- 
sibility, and to be by no means of difficult manipulation* 
Of this character is the collodion process. The 
gun cotton dissolved in ether possesses some very great 
accelerating properties, and in combination with the 
silver salts, and one of the vegetable acids, it forms a 
sensitive surface upon which pictures may be obtained 
in less than a second of time. 

Colour, natural colour too, has been very decidedly 
secured. The sun has been solicited to display his 
palette, and the answer has been a picture in which 
colour for colour in all their fidelity have been impressed. 
The plate upon which this result has been obtained is 
of a dark brown colour, and the chromatic variety is, as 
it were, eaten out by the solar rays. These colours 
have not yet been permanently fixed upon the plate 
employed, but from the temporary degree of fixedness 
which has been obtained, we may fairly hope that in a 
short time colour may be rendered as permanent on the 
productions of the photograper as on those of the 
painter. It is a ciu^ious and striking fact, that in the 
preparation of these plates, salts are used which give 
colours to flame ; and according to the colour which 
is produced by them when burning, so, on the photogra- 
phic plate, is that colour impressed with greater 
intensity than the others. To what is this leading us ? 
Mysteries surround our advances on the domain of 
truth. We dare not speculate upon them : the time of 
their fiill development will arrive* 

By the aid of tliis beautiful art, we are enabled to 
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pnesenre the lineaments of those who have benefitted 
their race by their intellect^ or their heroism. We can 
hand down to fature ages portraits of our own Welling- 
ton, and the illustrious Arago^ unerring in their truth- 
fulness. How great would be the joy of all, conld we 
now obtain a daguerreotype portrait of a Greek poet, 
or of a Roman philosopher, of a Sophocles, or of a 
Seneca ! How much discussion would be prevented did 
we possess a calotype portrait of the Bard of Avon, or of 
the Philosopher of Grantham ! 

By the agency of those very rays which ^ve life and 
brilliancy to the laughing eye and the roseate cheek, 
we can at once correctly trace the outline of the 
features we admire, with all those shadowy details which 
give a reality to the " presentment/^ The objects of 
our love may be for ever present with us in these self- 
painted pictures. The vicious, whom we would avoid, 
may be made known to us by this unerring painter. The 
process which nature employs is perfect ; the imperfec- 
tions are those of man, and these being few, he may soon 
learn to remedy. 

To the traveller, how valuable are the processes 
of photography ! He secures representations of those 
remains of temples which were in their glory when 
Moses wrote. He copies by one operation a tomb at 
Kamac, covered with myriads of hierc^lyphics, or an 
inscribe stone in Arabia, which it would occupy him 
days to trace. These he can carry to his home and 
read at his leisure. The relics of hoar antiquity speak- 
ing to the present of the past, and recoring the 
histories of races which have fleeted away like shadows, 
are thus preserved to tell their wondrous tales. 

The achnirer of nature may copy her arrangements 
with the utmost fidehty. Every modulation of the 
landscape, each projecting rock or beetling tor — ^the 
siuuous river in its rapid flow — ^the meandering stream, 
^^ gliding like happiness away;'^ and the spreading 



OF THE LUMINOUS RAYS. 181 

plains over which are scattered the homes of honest 
industry and domestic peace, intermingled with the 
towers of those humble temples in which simple-hearted 
pety delights to " bow the head and bend their knee ;^' 
these^ all of these, may, by the sunbeam which illumi- 
nates the whole, be faithfiilly pencilled upon our chemi- 
cal preparations. 

Pur art enables us to do more even than this ; we 
have but to present our sensitive tablet to the moon, 
and she, by her own Hght, prints her mountains and her 
valleys, and indicates with all truth the physical con- 
ditions of her surface. 

Any reference to the chemical agency of light — 
the luminous rays as distinguished from the chemical 
and calorific rays — has been avoided until we came to 
the conaidefatioin of this particular question of chemical 
change. 

Upon organic compounds, as, for instance, upon the 
colouring matter of leaves and flowers, light does exert 
a chemical power: and it is found that vegetable 
cokmrs are bleached, not by rays of their own colour, 
but by those which are complementary to them. A red 
dye fades under the influence of a green ray, and a 
yellow under that of a violet one, much more speedily 
than when exposed to rays of any other colour ; and this, 
it must be remembered, is due to the coloured ray 
itself^ and not to any actinic power masked, as it were, 
behind the colour, as is generally believed.* It was 

♦ ** It may also be observed that the rays effective in destroying 
a given tint are, in a great many cases, those whose nnion pro- 
duces a coloinr complementary to the tint destroyed, or at least one 
belonging to that class of colours to which sneh complementary 
tint may be referred. For example, yellows tending towards 
orange are destroyed with more energy by the blue rays ; blue by 
the red, orange, and yellow rays ; purples and pinks by yellow and 
green rays."— Sir J. F. W. Herschel, On the action of the rays of 
the Solar Spectrum on Veffetabk Cofonrs: Phil. Trans., vol. cxxxiii. 
1842. 
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long a question whether the decomposition of carbonic 
acid by plants was due to the luminous or the chemical 
rays. It is now clearly established that the luminous 
rays are the most active in producing this effect ; which 
they do indirectly, by exciting the vital powers of the 
organized structures. Therefore we would refer this 
phenomenon of gaseous decomposition to a vital power 
quickened by luminous excitement.* 

* Tbe following memoirs and works are necessary to a complete 
history of the inquiry : — Experiments and observations relating to 
various branches of natural philosophy y with a continuation of the 
observation on air: by Dr. Priestley. London, 1779. SUmoires 
PhysicO'chimiques, Sfc. : by J. Senebier. Experiences sur Us tSge- 
tatix, by Dela Ville: Paris, 1782 ; and Phil. Trans. 1782. Obser- 
vations sur les experiences de M. Ingenhousz : by De la Ville ; Boz.' 
obs. 23, 290. Experiences propres h dSvelopper Us effets de la 
. Ivani^e sur certaines plautes : by Tessier ; Mem. de TAc. des So 
de Paris, 1788, p. 132 ; Licht. Mag. iv. 4, 146. Sur la vertu de 
reau impregnke dair fixe pour en obtetiir, par U moyen des plantes et 
de la lumiSre du soleil, de Vair dSphlogistiqui : by Ingenhousz ; 
Eoz. obs. 24, 337. Experiences sur V action de la lumiSre soUdre 
dang la vegetation : by Senebier ; Geneve et Paris, 1788, p. 61. 
Extrait des experiences de M. Senebier sur V actum de la lumih'e 
sol'iire dans la vegetation : by Hasenfratz ; Ann. Chim. iii. 2nd. 
ser. 266. Experiences relatives d V influence de la ^umiere sur 
quelques vigetaux'. by De CandoUe ; Jour, de Ph. Iii. 124: Voigt's 
Mag. ii. 483 ; Gilb. Ann. xiii. 372 ; Mem. des Sav. Etr. i. 329. 
Recherches chimiques sur la vegetation : by Saussure ; Ann. €him. 
1. 225 ; Jour, de Ph. Ivii. p. 393 ; Gilb. Ann. xviii 208. Recherches 
sur la respiration des plantes exftosees it la lumiere du soUil ; by 
Ruhland; Ann. Ch. Ph. iii. 411 ; Jour, de Ph. 1816. On tho 
action of light upon plants y and of plants upon the atmosphere : by 
Dr.Daubeny; Piiil. Trans, cxxvii January, 1836. On the action 
of yellow light in producing the green colour, and of indigo light on 
the movements of plants: by P. Gardner; Pliil. Mag. xxiv. ; Bibl. 
Univ. xlix. p. 376, and Hi. p. 381. On the influence of light on 
plmts: by R. Huat; Phil. Mag. xxiv. p. 90; Bibl. Univ. xlix. 
p. 383 ; A then. 1844 Note on the decomposition of carbonic atid 
by the Uaves of plants, under the influence of yellow light : by 
Draper; Phil. Mag. xxv. p. 169. On the action of the yeUow rays 
of light on vegetation: by Harknoss; Phil. Mag. xxv. p. 339. 
Influence des rajons solaires sur la vegetation : by Zantedesclii ; 
Inst. No. 541,1). 157. 



OF THE LUMINOUS RATS. 1^83 

We have already noticed some chemical phenomena 
due to heat, particularly those experiments of Count 
Rumford^s, which appeared to him to prove that the 
ehemical agency of the sun^s rays was due to its calorific 
power. Certain chemical phenomena, we know, may be 
produced by thermic action; but the only variety of 
th»mo-chemical action which connects itself imme- 
diately with the solar radiations, belongs to a class of 
rays to which the name of Parathermic has been given, 
and to which the scorching, as it is called, of plants, the 
browning of the autumnal leaves, and the ripening of 
fruits, appear to be due.* When we come to the con- 
sideration of those physical phenomena which belong to 
the growth of plants, all these peculiarities of solar 
action must be attended to in detail. 

The manner in which we find the actinic power 
influencing electrical action, also shows us that the 
equilibrium of forces is continued tlirough all the great 
principles of nature. If a galvanic arrangement is made, 
by which small quantities of metals may be slowly pre- 
cipitated at one of the poles in the dark, and a similar 
arrangement be exposed to sunshine, it will be found 
that no metal is deposited: the sun^s rays have 
interfered with the decomposing power of the electrical 
current. At the same time we learn, that by throwing 
a beam of light upon a plate of copper which forms one 
of a galvanic pair, whilst it is under the influence of an 
acidulated solution, an additional excitation takes place, 
and the galvanometer will indicate the passage of an 
increased current of electricity. These two dissimilar 
actions appear enigmatical ; but they may, there is no 
doubt, receive some solution from the influence of 
diflFerent rays on the contrary poles of the battery. One 

* Sir John Herschel's Memoirs already refen'ed to ; and Report* 
on the influence of the Solar Raifs on the growth of Plants, by llobert 
Hunt : lleport of tiie British Association for tlie Advancement of 
Science, for 1847. 
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thing is quite evident, — electricity suflfers a disturbance- 
of one order, by light ; and an excitement of another by 
its associated principles in the sunbeam. If a yellow 
glass is interposed between the galvanic arrangement 
and the sun, the electro-chemical precipitation goes on 
in the same manner as it would in perfect darkness, 
and no extra excitement is produced upon the plates of 
the battery. From this it would appear that actinism 
and not light is to be regarded as the disturbing power.* 
It has ah*^Eidy been shown that yellow media possess the 
power of stopping back the chemical agent. 

We have already detailed many of the peculiarities of 

the different varieties of Phosphori, which would seem 

to be the result of light. Phosphorescence is probably- 

excited by those rays which produce no direct effect 

. upon the eye. If we spread sidphuret of calcium upon. 

* Memoir on the Constitutum of the Solar Spectrum^ presented 
at the meeting of the Academy of Sciences^ 1842, by M. Edmond 
Becquerel; Des effets produits sur les corps par les rayons solaires, 
par M. Edmond Becquerel, aide au Mus6um d'Histoire Naturelle : 
M^moire pr^sente a 1' Academic des Sciences, le 23 Octobre, 1843. 
—"Dans le courant de ce m^moire, j'ai employ^ lea noms do 
rayons lumineux, chimiques, et phosphorogeniques, pour d^signer^ 
dans chaque cas, la portion des rayons solaires qui agit pour pro- 
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"My reply is this,*' says M. Arago, in his paper entitled 
Considerations relative to the action of Light : " It is by no meansv 
proved that the photogenic modifications of sensitive substances 
result from the action of the solar light itself. The modifications 
are, perhaps, engendered by invisible radiations mixed with liglit 
properly so called, proceeding with it, and being similarly i-e- 
iracted. In this case, the experiment would prove not only that 
the spectrum foi-med by these invisible rays is not continuous, 
that thei-e are solutions of continuity as in the visible specti'um^ 
but also that in the two superposed spectra these solutions cor- 
respond exactly. This would be one of the most curious, one 
of the most strange results of physics.** — Taylors Scientific^ 
Memoirs. 
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paper^ and expose it to the action of the solar spectrum, 
it is found to glow (in the dark) only over those spaces- 
occu{tted by the violet rays and the ordinarily dark rays 
beyond them ; proving that* the excitation necessary to 
the development of the phenomena of phosphorescence 
is due to a class of rays distinct from the true Ught- 
givii^ principle, and more nearly allied to that principle 
or pcnrer which sets up chemical decomposition. 
Whether the fluorescent rays, before mentioned, which 
are found so abundantly over the space which produces 
the greatest phosphorescent eflfect, are active in pro- 
ducing the phenomena, is as yet an unsolved problem. 

Vision and colour, calorific action, chemical change,, 
molecular disturbance, electrical phenomena, and phos- 
phorescent excitation, all, each one with a strange- 
duality, are connected with the simbeam. 

We find, when we receive solar spectra upon iodized 
plates, or on several kinds of photographic paper, that a 
line, over which no action takes plates, is preserved at 
the top and bottom of the impressed image, and in many 
cases, along the sides also. The only way in which this 
can be accounted for, as the spectrum represents the 
sun in a distorted form, is by supposing that rays com& 
from the edges of the sun of a different character from 
those which proceed from the centre of that orb.* 

light from the centre of the solar disc is under dif- 
ferent conditions from that which comes from the edge 
of the sun : this is due to the varying angle, which ia 
present to us by a circular body : caloric action seema- 

* The chemical evidence of this will be found in Sir John 
Herscbel's Memoir On the Solar Spectrumj and particularly as 
exemplified in the changes produce^l on the tartrate of silver. 
Similar influences are described as observed on a Daguerreotype 
plate, in a paper entitled Experiments and Observations on Laght 
which has permeated coloured media^ and on the Chemical Action qf^ 
the Solar Spectrum ; by KobOTt Hunt. — Philosophical Magazine^ 
vol. xxvi. 1840. 
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to be more strongly manifested when the envelope of 
lights extending iHce an atmosphere to the snn^ is tlurown 
into great agitation^ and Tvaves^ and great hollows — 
.solar spots —are produced. . There is some indication of 
the existence of a third condition on the sun's surface, 
to which probably belongs the mighty chemical power 
which we call actinism. Electricity may be, as some 
have speculated, the exciting agent; a constant and 
violent Aurora Borealis may exist on the sun, and 
under the excitation of this force the others named may 
te quickened into fiill activity. 

'Diat actinism is one of the great powers of creation 
we have abundant proof. Nearly all the phenomena of 
chemical change which have been referred to light, are 
HOW proved to be dependent- upon actinic power ; and 
beyond the influence which has been ascertained to be 
exerted by it upon all inorganic bodies, we shall have 
occasion to show still fiirther the dependence of the 
vegetable and animal worlds upon its agency. The in- 
fluence of the solar beams on vegetation is proved by 
•common experience; the closer examination of its 
action on vegetable life is reserved for the chapter de- 
voted to its phenomena. Of its influence on animals 
nothing is very correctly known ; but some early' expe- 
riments prove that they, like other organised bodies, are 
subject to all the radiant forces, as indeed, independent 
of experiment, every observation must teach. Cer- 
tain it is, that organisation can take place only where 
the sun's rays can penetrate : where there is unchanging 
'darkness, there we find all the silence of death. Pro- 
metheus stole fire from heaven, and gave the sacred gift 
to man, as the most useful to him of all things in his 
necessities : by the aid of it he could temper the seve- 
rities of climate, render his food moie digestible and 
agreeable, and illuminate the hours of darkness. So 
says the beautiful fiction of the Grecian mind, — ^^vhich 
appears as the poetic dream or prophetic glance of a 
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gifted racd, who felt the mysterious truth they were yet 
imable to describe. Pheaton and ApoUo are only other 
foreshadowings of the creative energies which dwell in 
the glorious centre of our universe. The poetry of the 
Hellenic people ascended above the littlenesses of merely 
human action^ and sought to interpret the great trutiui 
of creation. Reflective, they could not but see that 
siome mysterious powers were at work around them; 
imaginative, they gave to fine idealisations the govern- 
ment of those inexplicable phenomena. Modern science 
has shown what vastly important oflSces the solar rays 
execute, and that the principles discovered in a sunbeam 
are indeed the exciters of organic life, and the disposers 
of inorganic form. 

It must not be forgotten that we have already 
alluded to a speculation which supposes this actinic in- 
fluence to be di£Pused through all nature, to be indeed 
the dement to which chemical force in all its forms is to 
be referred, -and that it is merely excited by the solar 
rays. This hypothesis receives some support from the 
v6ry peculiar manner in which chemical action once set 
up is carried on, independent of aU extraneous excite- 
ment, after the first disturbance has been produced. If 
any of the salts of gold are exposed in connec*tion with 
organic matter, as on paper, to sunshine for a moment, 
an action is begun, which goes on unceasingly in the 
dark, until the gold is reduced to its most simple state.* 

-:• This peculiar continuance of an effect has frequently been 
observed in many of the photographic processes. In a note to a 
memoir On certain improvements in Photographic processes^ 
Sir John Herschel thus refers to this property : — " The excitement 
is produced on such paper by the ordinary moisture of the atmos- 
phere, and goes on slowly \^orking its effect in the dark, apparently 
without other limit than is afforded by the supply of ingredients 
Resent. In the case of silver it ultimately produces a perfect 
^vering of all the sunned portions. Very singular and beautiful 
photographs, having much resemblance to Daguerreotype pictures, 
are thus praduced ; the negative character changing by keeping. 
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The same thing occurs with chromate of silver, some 
of the salts of mercury, argentine preparations combined 
with protosulphate of iron or gallic acid, and some other 
chemical combinations. These progressive influences 
point to some law not yet discovered, which seems to 
link this radiant actinism with the chemical agent exist- 
ing in all matter. 

This problem also connects itself with another class of 
facts wUch, although due, in aU probability, to a great 
extent^ to calorific radiations, and hence known under 
the general term of Thermography, appear to involve 
both chemical and electrical excitation. From the in- 
vestigations of Moser and of others, we learn the very 
extraordinary fact, that even inanimate masses act and 
react upon each other by the influence of some dark 
radiations^ and seem to exchange some of the peculiari- 
ties which they possess. This appears generally in the 
curious experiments which have been referred to, as con- 
fined merely to form or structure. Thus an engraved 
plate will give to a poUshed surface of metal or glass 
placed near it, after a very little time, a neat distinct 
image of itself; that is, produce such a structural dis- 
turbance as will occasion the plate to receive vapour dif- 
ferently over those spaces opposite to the parts in cameo 
or in intaglio, fix)m what it does over the opposite. K a 
piece of wood is used instead of a medal, there will, by 
similar treatment, be produced a true picture of the wood,, 
even to the representation of its fibres.* 

and by quite insensible gradations to positive, and tbe sbades ex- 
hibiting a most singular chatoyant cbange of colonr from raddy- 
brown to black, when held more or less obliquely. No doubt, also^ 
gold pictures with the metallic lustre might be obtained by tha 
aamejprocess, though 1 have not tried the experiment.*' 

* The details of this curious subject may be studied in the 
following memoir and communications : — On vision and the action 
ifUffht on all bodies : by Professor Ludwig Moser, of Konigs^berg ; 
from PoggendorflTs Annalen, vol. Ivi. p. 177, No. 0, 1845. Some 
rtmarks on Invisible Light : by Professor ' Lndwig Moser, of 
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It is also probable that chemical decomposition is pro- 
<luced by the mere juxtaposition of different bodies. 
Iodide of gold or silver, perfectly pure, has been placed 
upon a plate of glass, and a plate of copper covered with 
mercury suspended over it : a gradusd decomposition 
>of those salts is said to have been observed, iodide of 
mercury to be formed, and the gold or silver salts reduced 
to a finely divided metallic state.* 

A body whose powers of radiating heat are low, being 
brought near another whose radiating powers are more 
extensive, will, in the course of a short time, undergo 
such an amount of molecular disturbance as will effect 
a complete change in the arrangement of its surface, 
and an impression of the body having the highest radi- 
ating powers will be made upon the other. This im- 
pression is dormant, but may be developed under the 
influaK^ of vapour, or of oxidation.t A body, such as 

Kottigsberg; from Poofgendorffs Anualen, vol. Ivi. p. 560, No. 8. 
On the power which light possesses of becoming latent : by Professor 
Ludwig Moser, of Konigsberg; from Poggendorff's Aunalen, vol. 
IviL No. 9, p. 1. 1842. On certain spectral appearances, and on the 
discovery of latent light : by J. W. Draper, M.D., Professor of 
Chemistry in the University of New York ; Phil. Mag. p. 348, 
Nov. 1842. On a new imponderable substance, and on a class qf 
chemical rays analogous to the rays qf dark heat : by Professor 
Draper; Phil. Mag., Dec. 1842. On the action of the rays of the 
3olar spectrum on the Daguerreotype plate ; by Sir J. F. W. 
Herschel, Bart. ; Phil. Mag., Feb. 1843. See remarks in this 
paper on the use which Moser has made of coloured glasses : also 
a communication by Professor Draper, On the rapid IJetithonizing 
power of eertitin gases and vapours, and on an instantaneous means 
of producing spectral appearances : Phil. Mag., March 1843 ; and 
Oft the causes which concur in the production of the wnages of Moser : 
Comptes Rendus, Nov. 1842. See Scientific Memoirs, vol. iii. 

* This fact was first observed by myself, and described in tho 
paper already referred to, Philosophical Magazine, vol. xxii. p. 270. 
It does not, however, appear to have attracted the attention of any 
other observer. 

\ On Thermography, or the Art of copying Engraving* or any 
printed characters from paper or plates of metal, and on the recent 
discovery of Moser, relative to the formation of images in the dark. 
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charcoal^ of low conducting power, being placed near 
another, such as copper, which is a good conductor, wili> 
in a very short time, produce, in like manner) an im- 
pression of itself upon the metal plate. Thus any two 
bodies, whose conducting or radiating powers are dissi* 
milar, being brought near each other, will occasicm a 
molecular disturbajice, or impress the one with the image 
of the other. However small the diflFerence may be, an 
effect is perceived, and that of the most extraordinary 
kind, giving rise to the production of actual images upon 
each surface exposed. It is thus that a print on paper 
may be copied on metal, by merely suspending it near a 
ureU-polished plate of silver or copper for a few days. 
The white and black lines radiate very differently ; con- 
sequently an effect is produced on the bright metal in 
the parts corresponding to the black lines, dissimilar to 
that which takes place opposite to the white portions 
of the paper; and, on the application of vapour, a 
true image of the one is foimd impressed upon the 
other.* 

Bodies which are in different electrical states act upon 
each other in an analogous manner. Thus arsenic, which 
is highly electro-negative, will, when placed near a piece 
of electro-positive copper, readily impart to its surface 
an impression of itself^ and so in like manner will other 
bodies if in unlike conditions. Every substance physi- 
cally different (it signifies not whether as it regards 

by Robert Hunt: Reports of the Royal Cornwall Polytechnic 
Society for 1842, and Philosophical Magazine, vol. xxi. p. 46L>. 
— On the Spectral Images of M. ^ioser, by Robert Huut : Philoso- 
phical Magazine, vol. xxiii. p. 415. 

* Catalytic force, or altraction of surface concerned in the 
diffusive power of gases : tm occult energy or power in saturated 
saUne solutions) Prater. — Mechanic's Magazine, vol. xlv. p. 100. 
Ueber etektrische Abbildu gen; by G. Karsten. — PoggendorffV 
Annalen, vol. Ivii p. 402. — Melloni and Brewster may be con- 
sulted for much that is most remarkable connected with i-adiakion 
iroia coloured sm'faces. 
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colour, chemical composition, mechanical structure, calo- 
rific condition, or electrical state,) has a power of radia- 
tion by which a sensible change can be produced in a 
body diflferently constituted. 

Fable has told us that the magicians of the East pos- 
sessed mirrors in which they could at will produce 
images of the absent. Science now shows us that repre- 
sentations quite sufiScient to deceive the credulous can 
be produced on the surface of polished metals without 
difficulty. A highly polished plate of steel may be im- 
pressed with images of any kind, which would remain 
invisible, the polished surface not being in the least degree 
affected, as it regards its reflecting powers ; but by breath- 
ing over it, the dormant images would develope them- 
selves, and fade away again as the condensed moisture 
evaporated from the surface.* 

These, which are but a few selected from a series of 
results of an equally striking character, serve to con- 
vince us that nature is unceasingly at work, that every 
atom is possessed of properties by which it influences 
every other atom in the universe, and that a most im- 
portant class of natural phenomena appear to connect 
themselves directly with the radiant forces. 

The alchemists observed that a change took place in 
chloride of silver exposed to sunshine. Wedgwood first 
took advantage of that discovery to copy pictures. 
Niepce pursued a physical investigation of the curious- 
change, and found that all bodies were influenced by 
this principle radiated from the sun. Daguerre produced 
effects from the solar pencil which no artist could ap- 
proach to ; and Talbot and others extended the applica- 

* Cornelius Aginppa is said to have possessed such a mirror. 
The Chinese make mirrors which, when placed in a particular 
light, show upon their polished faces the pattern on the back of the^ 
metal, although it is invisible in every other position. This is 
effected by giving different degrees of hardness to the variou* 
parts of the metal. In Natural Magic, by Sir David Brewster, 
jseveral ciuious experiments belonging to this class ai'e named. 
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tion. Herschel took up the inqmry*; and be, with his 
usual power of inductive search and of philosophical 
deduction, presented the world with a class of discoveries 
which showed how vast a field of investigation was open- 
ing for the younger races of mankind, — ^a field in which 
a true spirit may reap the highest reward in the disco- 
very of new facts, and to which we must look for a ftir- 
ther development of those great powers with which we 
have already some slight acquaintance, and for the dis- 
covery of lugher influences which are not yet dreamed 
4){ in our plnlosophy. 

If music, with its mysteries of sound, 

Gives to the human heart a heavenwai'd feeling; 

The beauty and the grandeur which are found 

Spread like a vesture this fair earth around, 
Creation's wond'rous harmonies revealing. 
And to the soul in truth's strong tongue appealing. 

With all the magic of those secret powers, 

Which, mingling with the lovely band of light, 

The sun in constant undulation showers 

To mould the crystals, and to shape the flowers, 
Or give to matter the immortal might 

Of an embracing soul — should, from this sod, 

Exalt our aspirations all to God. 
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ELECTBICITY. 

Difleorery of Electrical Force — ^DifTased throngh all Matter — 
What is Electricity?— Theories — Frietional Electricity — 
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rents — Thermo-Electricity — Animal Electricity — Gymnotus 
— Torpedo — ^Atmospheric Electricity — Lightning Conductors 
— ^Earth's Magnetism due to Electrical Currents— Influence on 
Vitality — Animal and Vegetable Development— -Terrestrial 
Currents — Electricity of Mineral Veins — Electrotype — In- 
fluence of Heat, Light, and Actinism on Electrical Phenomena. 

If a pece of amber, elecirum, is briskly i^ibbed, it 
acquires^ the property of attracting light bodies. This 
curious power excited the attention of Thales of Miletus ; 
and from the investigations of this Grecian philosopher 
we must date our knowledge of one of the most impor- 
tant of the natural forces — Electricity. 

If an inquiring mind had not been led to ask why 
does this curious natural production attract a feather, the 
present age, in all probabihty, would not have been in 
possession of the means by which it is enabled to trans- 
mit intelligence with a rapidity which equals the poet's 
dream of the "swift-winged messengers of thought.^' 
To this age of application a striking lesson does this 
amber teach. Modem utility would have regarded 
Thales as a madman. Holding a piece of yellow resin 
in Jiis hand, rubbing it, and then picking up bits of down, 
or catching floating feathers, the old Greek would have 
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appeared a very imbecile, and the cui bono generation 
would have laughed at his silly labours. But when he 
announced to Ins school that this amber held a soul or 
essence, which was awakened by friction, and went forth 
from the body in which it previously lay dormant, and 
brought back the small partides floating around it, he 
gave to the world the first hint of a great truth which has 
advanced our knowledge of physical phenomena in a mar- 
vellous manner, and ministered to the refinements and to 
the necessities of civilisation. Each phenomenon which 
presents itself to us, however simple it may appear to be, 
is an outward expression of some internal truth, the inter- 
pretation of which is only to be arrived at by assiduous 
study, but which, once discovered, directs the way to new 
knowledge, and gives to man a great increase of power. 
There is no truth so abstract that it will not find its usefrQ 
application, and every example of the ministration of 
Physical Science to the purposes of humanity is an evi- 
dence of the value of abstract study, and a reply to the 
utilitarian in his own language. 

Electricity appears to be diffased through all nature; 
and it is, beyond all doubt, one of the most important 
of the physical forces, in the great phenomena of crea- 
tion. In the thunder-cloud, swelling with destruction, 
it resides, ready to laimch its darts and shake the earth 
with its explosions : in the aerial undulations, silent 
and unseen, it passes, giving the necessary excitement 
to the organisms around which it floats. The rain- 
drop — the earth-girdling ocean — and the ringing waters 
of the hill-bom river, hold locked this mighty force. 
The solid rocks — ^the tenacious clays which rest upon 
them — ^the superficial soils — and the incoherent sands, 
give us evidence of the presence of this agency; and in 
the organic world, whether animal or vegetable, the ex- 
citement of electrical force is always to be detected. 

In thesolar radiationswe have perhaps the prime mover 
of this power. In our atmosphere, when calm and cloud- 
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less, a great ocean of light, or when sombre with the 
mighty aspect of the dire tornado, we can constantly 
detect the straggle between the elements of matter to 
maintain an equilibrium of electrical force. 

Diffiised throughout matter, electricity is ever active ; 
but it must be remembered that although it is evidently 
a necessary agent in all the operations of nature, that it 
is not the agent to which everything unknown is to be 
referred. Doubtless the influence of this force is more 
extensive than we have yet discovered ; but that is an 
indolent philosophy which refers, without examination, 
every mysterious phenomenon to the influence of elec- 
tricity. 

The question, what is electricity ? has ever perplexed, 
and still continues to agitate, the world of science. 
While one set of experimentalists have endeavoured to 
explain the phenomena they have witnessed, upon the 
theory that electricity is i^ peculiar subtile fluid pervad- 
ing matter, and possessing singular powers of attraction 
and repulsion, another party-find themselves compelled 
to regard the phenomena as giving evidence of the action 
of two fluids which are always in opposite states; while 
agaiD, electricity has been considered by others as, like 
the attraction of gravitation, a mere property of matter.* 
Certain it is, that in the manifestations of electrical phe- 
nomena we have, as it appears, the evidence of two con- 
ditions of force; but of the states o{ positive or negative, of 
vitreous or resinom electricity, we have a familiar expla- 
nation in the assumption of some current flowing into or 

• TVaiti de Physique : M. Biot, vol. vii. Becquerel : Annales 
de Chimie, vol. xlvi.-xlix. Faraday's Experimental Researches in 
Electricity, 2 vols., 1830-1844. A Speculation touching Electric 
Conduction and the Nature of Matter: by Michael Faraday, 
D.C.L., F.R.S. ; Philosophical Magazine, vol. xxiv., 1830. 
Objections to the theories severally of Franklin, Dufay, and Ampere^ 
with an attempt to explain Eleetrical Phenomena by statical or 
unduhtory polarization : by Robert Hare, M.D., Emeritus Pro- 
fessor of Chemistry in the University of Pennsylvania. . 
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out of the material body, — of some princii^ which is 
ever aedye in maintaining its equilibrinm, which, conse- 
quently, must act in two directions, and always exhibit 
that duality which is a striking characteristic of this 
subtile agent. It is a curious, and it should be an 
instructiye fact, that each of the three theories of elec- 
tricity is capable of proof, and has, indeed, been most 
ably supported by the rigorous analysis of mathematics. 
When we remember that some of the most enlightened 
investigators of this and the past age have sererally 
maintained, in the most able manner, these dissimilar 
views, we should hesitate before we pronounce an opinion 
upon the cause or causes of the very complicated pheno- 
mena of electrical force. 

Although we discover, in all the processes of nature, 
the manifestations of this principle or force in its cha- 
racteristic conditions, it will be necessary, before we 
regard the great phenomena^ to examine the known 
sources from which we can most readily evoke the 
mighty power of electridty. If we mb a piece of glass 
or resin, we readily render this agent active ; these sub- 
stances appear, by this excitement, to become surrounded 
by an attractive or a repellent atmosphere. Let us rub 
a strip of writing paper with Indian rubber, or a strip 
of Gutta Percha with the fingers, in the dark, and we 
have the manifestation of several curious phenomena. 
We have a peculiar attracting power ; we have a lumi- 
nous disch£a*ge in the shape of a spark ; and we have 
very sensible evidence of muscular d^turbance produced 
by applying the knuckle to the surface of the material. 
In each case we have the development of the same 
power. 

Every substance in nature is an electric, and, if so 
disposed that its electricity may not fly off as it is deve- 
loped, we may, by friction, manifest its presence, and, 
indeed, measure its quantity or its force. All bodies 
are not, however, equally good electrics; shell-lac. 
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amber, resins, sulphur, and glass, exhibiting more power- 
fully tfae ^enomena of frictional or mechanical elec- 
tricity, thfUQ the metals, charcoal, or plumbago. SoUd 
bodies allow this peculiar principle to pass along them 
also in very different degrees. Thus electricity travels 
readily through copper and most other metals, platinum 
bemg the worst metallic conductor. It also passes 
ifazough living animals and vegetables, smoke, vapour, 
laiified air, and moist earth; but it is obstructed by 
xenns and glass, paper when dry, oils, and dry metallic 
oxides, andin a very powerful manner by Gutta Fercha.* 

is *' A good piece of gutta percha will insulate as well as an equal 
piece of shelMac, whet£er it be in the form of sheet, or rod, or fila- 
ment; but being tough and flexible when cold, as well as soft 
wlien bot, it will serve better than shell-lac in many cases where 
the bnttieuess of the latter is an inconyenience. Thus it makes 
▼ery good handles for carriers of electricity in experiments on 
induetiion; not being liable to fracture in the form of thin band or 
string, it makes an excellent insulating suspender; a piece of it in 
ebeet makes a most convenient insulating basis for anything 
plaoed on it It forms excellent insulating plugs for the stems of 
gold-leaf electrometers, when they pass through sheltering tubes, 
and larger plugs form good insulating feet for electrical arrange- 
ments ; (^mders of it, lialf an inch or more in diameter, have 
great stiffness, and foiTn excellent insulating pillars. In these 
«Bd in otber ways its power as an insulator may be useful" — 
On the use^i^ Gutia Percha in Electrieal InsuiiUvm: by Dr. 
Faraday; Philosoph. Mag., March, 1848. 

The following deductions have been given by Faraday, in his 
JResemrekes in Electricity^ a work of most extraordinary merit, 
being one of the most perfect examples of fine inductive philo- 
sophy which we possess in the English language : — 

"All bodies conduct electricity in the same manner from 
metals to lacs and gases, but in very difierent degrees. 

** Conducting power is in some bodies powerfully increased by 
beat, and in others diminished, yet without one perceiving any 
a6companyieg essential electrical difle^ence, either in the bodies, 
or in tiie change occasioned by the electricity conducted. 

"A numerous class of bodies insulating electricity of low 
iiltansity, when solid, conduct it very freely when fluid, and are 
Iben decomposed by it. 

** But tliere are many fluid bodies which do not sensibly con- 
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If, therefore, we place an electric upon any of those 
non-conducting bodies, the air around being well dried, 
we are enabled to gather a large quantity of the force 
for the production of any particular effect. Taking ad- 
vantage of this fact, arrangements are made for the 
accumulation and liberation at pleasure of any amount 
of electricity. 

ALeydcn phial, — so called from its inventor, Muschen- 
brock, having resided at Leyden, — ^is merely a glass bottle 
lined within and without, to within a few inches of the 
top, with a metal coating. If a wire or chain, carrying 
an electric current, is showed to dip to the bottom of 
the bottle, the inner coat of the jar becomes chai*ged, 
or gathers an excess, whilst the outer one is in its natural 
condition— one is said to be in Kposiiive, and the other in 
a negative state. If the two coatings are now connected 
by a good conductor, as a piece of copper wire, passing 
from one to the other, the outside to the inside, a dis- 
charge, arising from the establishment of the equili- 
brium of the two coatings, takes place ; and, if the con- 
nection is made through the medium of our bodies, 
we are sensible of a severe disturbance of the nervous 
system. 

The cause of the conducting and non-conducting 
powers of bodies we know not ; they bear some relation 
to their conducting powers for caloric ; but they are not 
in exact obedience to the same laws. When we consider 
that resin, a comparatively soft body, in which, conse- 



duct electricity of this low intensity; there are some which 
conduct it and are not decomposed ; nor is fluidity essential to 
decomposition. 

'* There are but two Jbodies (sulphuret of silver and fluoride 
of lead) which, insulating a voltaic curi'ent when solid, and con- 
ducting it when fluid, are not decomposed in the latter case. 

" There is no strict electrical distinction of conduction which 
can as yet be drawn hetween bodies supposed to be elementaiy, 
and those known to he compounds.*' 
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•quently, cohesive attraction is not very strong, is an im- 
perfect conductor, and that copper, in which cohesion is 
much more powerful, is a good conductor, we may be 
disposed to consider that it is regulated by the closer ap- 
proximation of the particles of matter. But in platinum 
the corpuscular arrangement must be much more dense 
than' it is in copper, and yet it is, compared with it, a 
rtstj bad conductor.* 

We have now learnt that we may, by friction, excite 
the electricity in a vitreous substance ; but it must not 
he forgotten that we cannot increase the quantity which 
is, under ordinary conditions, natural to the electric ; to 
do so, we must in some way establish a channel of com- 
munication with the earth, from which, through the 
medium we excite, we draw our supply. We have the 
means of confining this mighty force within certain limits 
ef quantity and of time. If we place bodies which are 
susceptible of electrical excitation in a sensible degree 
upon insulating ones, we may retain for a considerable 
time the evidences of the excitement, in the same way as 
with the Leyden jar ; but there is a constant eflEbrt to 
maintain a balance of conditions, and the body in which 
we have accumulated any extraordinary quantity by con- 
duction soon returns to its natural state. 

A very simple means may be adopted of showing what 
is thought to be one of the many evidences in favour of 
two electricities. If the wire carrying the current flow- 
ing from the machine, is passed over paper covered with 
nitrate of silver, it produces no change upon it; but if 
the wire which conveys the current to the instrumeni; 
when it is excited, is passed over the same paper, the 
silver salt is decomposed.f We may, however, explain 
this result in a satisfactory mannar, upon the hypothesis 

*- Faraday's Spectdadon on fhe Nature qf MtUter, alre.idy 
referred to. 

t Experimental Researches : by Dr. Faraday. Cliemical Decom- 
position, p. 151. 
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that the decomposition is produced by the abstraction of 
electricity, rather than by any physic^ difference in the 
fluid itself. By frictional electricity we may produce 
•curious mdecular disturbances, and give rise to molecu- 
lar re-arrangements, which have been called '^electrical 
images,^' in glass, in stone, and in the apparently less 
tractable me^ds : these images are rendered visible by 
the manner in which, according to their electrical states^ 
some lines receive any particular powder, or vapour^ 
which is repelled from other spaces. Many of the great 
natural phenomena, sudi as lightning and Thunder, the 
Aurora Borealis, and Meteors, may be imitated in a 
curiously exact manner by the eleclzical machine and a 
lew familiar arrangements.* 

Voltaic electricity, as the active force produced by 
chemical change is commonly called, in honour of the 
illustrious Volta, is now to be considered. It differs^ 
from frictional electricity in this : — ^the electricity deve- 
loped by friction of the glass plate or cylinder of the- 
electrical machine is a discharge with a sort of explosion. 
It is electricity suddenly liberated from the highest state 
of tension, whereas that which is generated by chemical 
action in the voltaic battery is a steady flowing current. 
We may compare one to the ignition of a mass of gun- 
powder at once, and the other to the slow burning of 
the same quantity spread out into a very prolonged 
train. 

There are numerous ways in which we may excite the 
phenomena of Voltaism, but in all of them the decom- 
position of one of the elements employed appears to be 
necessary. This is the case in the arrangements of bat- 
teries in which two dissimilar metals, zinc and copper, 
silver and platinum, or the like, is immersed in fluids; 
the zinc or the silver are gradually converted into soluble 
salts, which are dissolved, whilst the copper or platinum. 

* Karsten ; PoggendorfiTs Annalerij vol. Ivii. 
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is protected from any action. The most simple manner 
of iUnstrating the development of this electricity is by 
placing a piece of silver on the tong^ue^ and a piece of 
zinc or lead underneath it. No effect will be observed 
so long as the two metals are kept asunder^ but when 
their edges are brought together^ a slight tremidous sen- 
sation wiU pass through the tongue^ a saline taste be 
distinguished by the palate; and if in the dark^ light will 
be observed by the eye. 

This^ the germ of tike most remarkable of the sciences^ 
was noticed by Sulzar, fifty years before Galvani observed 
the ccmvulsions in the limbs of frogs^ when excited by 
the action of dissimilar metals ; but the former paid 
little attention to the phenomenon^ and the discovery 
led to no results. 

"WhiKDL Galvani's observant mind was directed to the 
remarkable fact that the mere contact of two dissimilar 
metals with the moist surface of living muscles produced 
convulsions, there was an awakening in the soul of that 
{^osopher to a great fundamental truth, which was^ 
nurtured by him, tried and tested, and preserved to work 
its Biarvels for fature ages. 

Although the world of science looks back to Yolta as 
the man who gave the first true interpretation of this 
discovery, yet the ordinary world will never disconnect 
this important branch of physical science from the 
name of Galvani, and chemical electricity in all its 
forms will for ever be known under the familiar name of 
Galvanism'. And it must not be forgotten, that the 
phenomena of the manifestation of electricity, in connec- 
tion with the conditions of vitality, are entirely due ta 
Gidvani. 

Xiet us examine the phenomena of Galvanismi in its 
most simple phases : — 

If we place a live flounder upon a plate of zinc, put a 
shilling on its back, and then touch -both metals with 
the ends of a metallic wire, the fish will exhibit painfiil 
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convulsions. The zinc becomes oxidized by the separa- 
tion of oxygen jfrom the fluid on the surface with which 
it is in contact^ whilst hydrogen gas is liberated at that 
surface touched by the other metal. Here we have, in 
the first place, a chemical change effected, then a pecu- 
liar muscular disturbance. Each successive combination 
or decomposition, like a pulsation, is transmitted along 
the circuit from one extremity to the other. How the 
impulse which is derived from the zinc is transmitted 
through the body of the animal, or the tongue, to the 
«ilver or copper is the next consideration. 

We can only understand this upon the supposition 
that a series of impulses are communicated in the most 
irapid manner along the connecting line ; the idea of a 
current, although the term is commonly employed, tends 
to convey an imperfect impression to the mind. It 
would seem rather that a disturbance throughout the 
entire circuit is at once set up by a series of vibrations 
or impulses communicated from particle to particle, and 
along the strange net-work of nerves. One set of che- 
mical elements have a tendency to develope themselves 
at that point where vibration is first commimicated to 
the mass from a better conductor than it is, and another 
set at the point where it passes from the body to a better 
conductor than itself. The cause of this is to be sought 
for in the laws which regulate molecular constitution — 
by which chemical aflSnity is disturbed, — and a new 
attractive force exerted, in obedience to which the vital 
energy is itself agitated. We must not, however, forget 
that it is probable after all, although not yet susc^tible 
of proof, that the electricity does nothing more than dis- 
turb or quicken the unknown principles upon which che- 
mical and vital phenomena depend; being, indeed, a 
secondary agent.* 

* Traits Experimental de lElectriciti et du MagnHisme : 
Becquerel, 1834, Priestley's Introduction to Electricity. On 
Electricity in EquilUnium : Dr. YouDg's Lectures. 
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Notwithstanding onr long acquaintance with the phe- 
nomena of galyanism^ there are but few who entertain a 
correct idea of the enormous amount of electricity which 
is necessary to the existing conditions of matter. To 
Faraday we are indebted for the first clear set of deduc- 
tions from a series of inductive researches, which are of 
the most complete order. He has proved, by a series 
of exceedingly conclusive experiments, that if the elec- 
trical power which holds a grain of water in combination, 
«r which causes a grain of oxygen and hydrogen to unite 
in the right proportions to form water, could be collected 
and thrown into the condition of a voltaic ciurent, it 
would be exactly the quantity required to produce the 
decomposition of that grain of water, or the Hberation of 
itft elements, hydrogen and oxygen.* 

By direct experiment it has been proved that one equi- 
Vilent of zinc in a voltaic arrangement evolves such a 
quantity of electricity in the form of a current, as, pass- 
ing tiirough water, wUl decompose exactly one equivalent 
of that fluid. The law has been thus expressed : — ^The 
^ectricity wliich decomposes, and that which is evolved 
by the decomposition of a certain quantity of matter, are 

♦ Faraday's Experimenlal Researches on Electrieity. This 
philosopher has shown, by the most cooclusiye experiments, 
*' that the electricity which decomposes, and that which is evolved 
^tbe decomposition of, a certain quantity of matter, are alike. 
What an enormous quantity of electricity, therefore, is required 
for the decomposition of a single grain of water ! We have 
already seen that it must be in quantity sufficient to sustain a 
platinum wire yi? ^^ '^ ^°<^b in thickness, red hot; in contact 
, with the air, for three minutes and three quarters. It would 
appear that 800,000 charges of a Leyden battery, charged bv 
thirty turns of a very large and powerful plate machine, in full 
aetion — a quantity sufficient, If passed at once through the head 
of a rat or cat, to have killed it as by a flash of lightning — are 
necessary to supply electricity sufficient to decompose a single 
^ain of water ; or, if I am right, to equal the quantity of electri- 
city which is naturally associated with the elements of that grain 
of water, endowing them with their mutual chemical affinity." 
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alike. lleeqiiiTalent weights of bodies are those qimn- 
tities of them whidi contain equal quantities of electri- 
city ; electricity determining the equivalent nnmber^ 
because it detennines the combining fiorce.* 

The same degant and correct experimentahat has 
shown that zinc and platinmn wires, one-eighteenth of 
an inch in diameter^ and about half an inch long^ dipped 
into water in which is mixed sulphuric acid so weak 
that it is not sensibly sour to the tongue^ will evolve 
more electricity in one-twentieth of a minute than ia 
given by thirty turns of a lai^ and powerful plate diec* 
trical madiinein fiill actum, a quantity which^ if passed 
through Ihe I^ad of a cat, is sufSdent to kill it as by a 
flash of lightning. Pursuing this interesting inquiry 
yet further^ it is found that a single grain of water ccm* 
tains as much electricity as could be aocunmlated in 
800^000 Leyden jars^ each requiring thirty turns of the 
large machine of the Boyal Institution to charge it, — 
a quantity equal to that which is devdioped tram a 
charged thunder-doud. '^ Yet we have it under perfect 
command, — can evolve, direct, and employ it at plea- 
sure; and when it has performed its fiill work of electio- 
lisation, it has only separated the elements of a single 
grain of water.^^ 

It has been argued by many that Ihe realities of 
science will not admit of anything like a poetic view 
without degrading its high office; that poetry, being 
the imaginative side of nature, has nothing in coznmon 
with the facts of experimental research, or with the 
philosophy which generalises the discoveries of severe 
induction. If our science was perfect, and laid bare to 
our senses all the secrets of the inner world; if our 
philosophy was in&llible, and always connected one fauct 
with another through a long series up to the undoubted 
cause of aH — ^then poetry, in the sense we now use the 

^ Experimental Researches : Faraday. 
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term^ would have little business with the truth; it 
would^ indeed^ be lost or embodied^ like the stars of 
heaven^ in the brightness of a meridian sun. But to 
take our present fkct as an example^ how important a 
foundation does it offer upon which to build a series of 
tttfraghts^ capable of lifting the human mind above the 
materialities by which it is surrounded, — of exalting 
each common nature by the refinement of its fresh ideas 
to apcnnt higher in the seale of intelligence, — of quick- 
ening every impulse of the soul, — and of giving to 
mai&nd the most holy longings. 

What does science teU us of the drop of water? Two 
gases, the one exciting life and quickening combustion^ 
the other a highly inflammable air, are, by the influence 
of a combination of powers, brought into a liquid globe. 
We can, from this crystal sphere, evoke heat, light, 
electricity, and actinism in enormous quantities; and 
beyond these we can see powers or forces, for which, in 
the poverty of our ideas and our words, we have not 
names; and we learn that each one of these principles 
is engaged in maintaining the conditions of the drop of 
water which refreshes organic nature, and gives glad- 
ness to man's dwelling-place. 

Has poetry a nobler theme than this ? Agencies are 
seen like winged spirits of infinite power, each one 
working in its own peculiar way, and all to a common 
end, — ^to produce, under the guidance of omnipotent 
rule, the waters of the rivers and the seas. As the 
great ocean mirrors the bright heaven which overspreads 
it, and reflects back the sunlight and the sheen of the 
midnight stars in grandeur and loveliness; so every 
drop of water, viewed with the knowledge which science 
has given to us, sends back to the mind reflections o1^ 
yet distant truths which, rightly followed, will lead us 
upwards and onwards in the tract of higher intelli- 

**To the abodes where the eternals are." 
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In the discoveries connected with electricity, we have 
results of a more tangible character thaa are as yet con- 
nected with the other physical forces ; and it does appear 
that this science has advanced our knowledge of nature 
and of the mysteries of creation &r more exten- 
sively than any other department of purely experimental 
inquiry. 

The phenomena of electro-chemical action are so 
strange that we must return for a moment to the con- 
sideration of the decomposition of water, and the 
appearance of hydrogen at one pole, and of oxygen at 
the other. It appears that some con^ion of our ideas 
has arisen from the views which have been received of 
the atomic constitution of bodies. We have been 
accustomed to regard water, — ^to take that body as an 
example of all, — as a compound of two gases, hydrogien 
and oxygen ; an equivalent, or one atom of the first, 
united to an equivalent or one atom of the last, 
forming one atom of water. This atom of water we 
regard as infinitely smaU ; consequently a drop of water 
is made up of many hundreds of these combined atoms, 
and a pint of water of not less than 10,000 drops. Now, 
if this pint of water is connected with the wires of 
a galvanic battery, although their extremities may be 
some inches apart, for every atom of oxygen liberated at 
one pole, an atom of hydrogen is set free at the other. 
It has been thought that an atom has undergone 
decomposition at one point, its oxygen being torn from 
it, and then there has arisen the difficulty of sending 
the atom of hydrogen through all the combined atoms 
of water across to the other pole. A series of decom- 
positions and recompositions have been supposed to take 
place, and the communication of effects from particle to 
particle. 

An attracting power for one class of bodies has been 
found in one pole, which is repellent to another class ; 
and the reverse order has been detected at the opposite 
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pole of a galvanic arrangement.'i^ That is^ the wire 
which carries the current from an excited zinc plate- 
has a relation to all hodies^ which is directly opposite to 
that which is exhibited by the wire conveying the cur- 
rent from^ or completing the circuit with, the copper 
plate. The one, for instance, collects and carries acids 
and the like, the other the metallic bases. At the: 
extremity of one galvanic wire, placed into a drop of 
water, oxygen is fdways liberated ; and at the end of 
the other, necessary to complete the circuit with the 
battery, hydrogen is set free. 

It appears necessary, to a dear understanding of 
what takes place in this experiment, that we should 
regard each mass, howsoever lai^e, as the representative 
of a single atom. Nor is this d^cult, as the following 
illiistration will show. 



♦ The appearance of acid and alkaline matter, in water acted 
on by a current of electricity, at the opposite electrified metallic 
surfaoes, was observed in the first chemical experiments made 
with the column of Volta — (see Nicholson's Journal, vol. iv. p. 
183, and vol. iv. p. 261, for Mr. Cruicls^hank's Experiments ; and 
Annales de Chimie, tom. xxxvii. p' 233, for those of M. Desormes) : 
On some Chemical Agencies in Electricity: by Sir Humphry Davy. 
— ^Philosophical Transactions for 1807. Tlie various theories of 
electro chemical decomposition are carefully stated by Faraday, m 
his fifth series of Experimentsil Researches on Electricity y in which 
he thus states his own views : — " It appears to me that the efiect 
is produced by an internal corpuscular action exerted according- 
to the direction of the electric current, and that it is due to a force 
either superadded to or giving direction to the ordinary chemical 
affinity ot the bodies present. The body under decomposition 
may be considered as a mass of acting particles, all those which 
are included in the course of the electric current contributing to 
the final effect ; and it is because the ordinary chemical afi&nity 
is relieved, weakened, or partly neutralized by the infiuence of the 
electric current in one direction parallel to the course of the 
latter, and strengthened or added to in the^ opposite direction, that 
the combining particles have a tendency to pass in opposite 
courses." 
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Let US take one particle of common salt {chloride of 
^sodium) weighing less than a grain^ and put it into a 
hundred thousand grains of distilled water. In a few 
minutes the salt has diffused itself throo^thewholeoftiie 
fluids and in every drop we can detect dilorine and soda. 
We cannot believe that this grain of salt has split itself 
up into a hundred thousand parts; we conceive rather 
that the phenomenon of solution is one of diffusion. 
One infinitely elastic body has interpmetrated with 
another. 

Instead of an experiment with a pint of water, let us 
take our stand on Dover heights, and, with a gigantic 
battery at our command, place one wire into the ocean 
on our own shores, and convey the other through the 
air across the channel, and let its extremity dip into the 
sea off Calais pier — ^the experiment is a practicable one 
— ^we have now an electrical circuit of wluch the British 
channel forms a part, and the result will be exactly the 
same as that which we may observe in a watch-glass 
with a drop of water. 

We cannot suppose that the instantaneous and 
simultaneous effect which takes place in the water at 
Calais and at Dover, is due to anything like what we 
have studied imder the name of convection, when 
<5onsidering Heat. 

A thousand balls are placed in a line touching each 
other; the first ball receives a blow, and the last ball 
flies off with a force exactly equal to the power applied 
to the first; none of the intermediate balls being 
moved. 

We cannot conceive that the particle A excites the 
particle B next it, and so on through the series between 
the two shores ; but regarding the channel as one large 
drop, charged with the electric principle as we know it 
to be, it is excited by imdulation or tremor throughout 
its width, and we have an equivalent of oxygen thrown 
off on one side of the line, and an exact equivalent of 



£lbctr(m;hemical action. 309 

hydrogen at the other^ the electro-chemical influence 
being exerted only where the current or motion is 
transferred from one medium to another.* The im- 
perfect character of this view is freely admitted; no 
other^ consistent with known facts, presents itself by 
which the effect can be explained. The fact stands as a 
truth ; the hypothesis by which it is attempted to be 
interpreted is open to doubt, and it is opposed to some 
fetvourite theories. 

Before we pass to the consideration of the other 
flources of electricity, it is important we should under- 
stand that no chemical or physical change, 'however 
slight it may be, can occur witnout the development of 
electrical power. If we dissolve a salt in water, if we 
mix two fluids together, if we condense a gas, or convert 
a fluid into vapour, electricity is disturbed, and may be 
made manifest to our senses.f 

It has been shown that this power may be excited by 
friction (machine electricity) and by chemical action 
(voltaic electricity, galvanism) ; it now remains to speak 
of the electricity developed by heat (thermo-electricity), 
the electricity exhibited under nervous excitement by 



* " This capital discovery (chemical decomposition of electricity) 
appears to have been made in the first instance by Messrs. 
Nicholson and Carlisle, who observed the decomposition of water 
so produced. It was speediW followed up by the still more impor- 
tant one of Berzelius and Hisinger, who ascertained it as a ^neral 
law, that, in all the decompositions so effected, the acids and 
oxygen become transferred and accumulated aroimd the positive* 
and hydrogen, metals, and alkalies around the negative, pole of a 
voltaic circuit ; being transferred in an invisible, and, as it were, 
a latent or torpid state, by the action of the electric current, 
through considerable spaces, and even through large quantities of 
water or other licjuids, again to reappear with all tneir properties 
at their appropnate resting-places. — Discourse on the Study ef 
Natural Philosophy : by Sir John Herschel, Bart., F.R.S. 

I Numerous beautiful illustrations of this fact will be found in 
BecquereFs TraitS Exphimentdl de TEUetricUi et du Magnktisme 

P 
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the gynmotua and toipedo (animal dectricity) ; magne- 
tifim and its pliaaomena bdng leserved lor a separate 
Gonsidenetion. 

n a bar of metal is wanned at one end and kept oodl 
at the other, an electncal current ciroalates through the 
bar, and may be earned off by ccmneeticni with atiy 
good oondnctoer, and slnwn to exhibit the properties of 
ordinary dectricily. The metals best suited for showing^ 
the effects of thermo-electricity appear to be Usmnth 
and antimony. By bin^ding two lutrs oi these m«tal» 
tc^eiher at <meend, and ecmnectiiig the other ends with 
a galvanometer, it will be discovered that an electric 
current passes off through the instrument by the 
slightest vanation c^ tempcaratore. Merely dasping^ 
the two metals^ whare bound together, with the finger 
and thumbs is su£Bcient to exhibit the phenomenoau 
By a series of such arrangemgiits^ — ^whidi form what 
have been called thermo-electric multijdtiars, — we 
obtain the most delicate measurers of heat with which 
philosophers are acquainted, by the aid of which 
Mdloni has beai enabled to pursue his beautiful 
researdies on radiant (»l(»ic. 

That this electricity is identical with the other forms 
has been proved by employing the current thus excited 
for the purpose of producing chemical decomposition, 
magnetics, and electoic light.* 

^e ph^iCTAenonof ih^mo^-dectridiy — die discovery 

* See Le FeftiUmmUaxn of TAbbeNollet ; Le9on3 de Physique^ 
torn. vi. p. 252; Du Tommr ikermoiJedrique, by M. Becquerel — 
Annales de Chimie, voL xli. p. S53 ; also a Memoir by Nobili^ 
BibKotheque UnivfirseDe, vol. xxxvii. p. 15; Bxperimenfal Con- 
trifnaUms touutrds the theory of TJmrmo-Electrkitjf by Mr. J. 
Piideaux — ^Philosophical Magazine, vol. iii., Third Series ; On the 
nermfhJUagnetism qf Hmnoffeneoue Bo^s, with illustrative expe- 
rmenis, by Mr. WilBam Sturgeon— Philosophical Magazine, voL 
z. p. 1— lis, New Series^ Botto made ma^ts and obtained 
chemical decomposition. Antinori produced the spark. Mr; 
Watkins heated a wire in Harris's Thermo-EIeotrometer. 
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of Seebaci^ k aiiotlier psvx^ of the very close eonn^^ 
of the physical forces. We witness their being lesohred 
at it were into each otiier^ dectndty produciiig heat, 
and heat again electricity ; and it is fircnn these cnnoiis 
jcsnlls that the arguments in fEtvonr of their intimate 
idationH and actual identity have been drawn. It wiU, 
however, be fo&nd to be the best philosophy to r^ard 
theae forces as dissimilar, until we are enabled to prore 
them to be only modified forms of one principle or 
power. At the same time it must not be forgotten that 
Bn natural operations we invaiiabfy find the combuied 
action of several forces producing a single {dienomenon. 
The inqportant &€i to be particularly r^arded is, that 
we have evidence that frfery suhstiunce whidi is un- 
eqpudly heated becomes the source of this very remark- 
ahle form of electricity.^ 

There exist a few fishes gifted with the very ex- 
traordinary power of producing electrical phenomena 
Iff an effort of muscular or nervous energy. 

^nbe OgnmotMS eledrieus, or dectrical ed, and the 
Bmim torpedo, a spedeaof ray,are the most remarkable. 
This power is, it would ajqpear, given to these cnrioQS 
creatures for purposes of defence, and also for wiahling 
theoEi to secure their prey. The (r^fumoius of the South 
America rivers, will, it is smd, when in full vigour, send 
forth a disdiarg^ of electricify sufficiently poweifnl to 
knock down a man, or to stun a horse ; while it can 
deirtroy fishoB, through a considerable qpace, by exert- 
ing its strange artiUery.f 

Faraday's deseription of a Gfwm^MM, paralyaai^ and 

* A ▼cervingemottsapplLestiaQ of the knowledge of thiafi^ 
suggested D jMr. Solly, \>j which the heat of & fdinace could he 
Mnstantlj ragistered at a very coaddeirahlB disUnee from it See 
Iht^ifikm 9f c» Sicc<ric Tkrmoader: by E. S0II7, Jun., 
Esq. Philoeophieal Magazine, toL xx. p, 391. Kew Senea 

t Humboldt; Pctmi^ Aarrslwf, C^p^ xm.-*ABiLalcs de 
Chimie^ vol. ziv. p. 15. 
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seizing its prey^ is too grapHc and important to be 
omitt^. 

''The Gymnotus can stun and kill fish which Kfe in 
very yarions positions to its own body ; but on one day^ 
when I saw it eat^ its action seemed to me to be 
peculiar. • A live fish^ about five inches in lengthy 
caught not half a minute before^ was dropped into the 
tub. The Gymnotus instantly turned round in such a 
manner as to form a coil^ inclosing the fish^ the latter 
representing a diameter across it; a shock passed, and 
there, in an instant, was the fish struck motionless, as 
if by lightning, in the midst of the waters, its side 
floating to the light. The Gymnotus made a turn or 
two to look for its prey, which, having found, he bolted, 
and then went about searching for more. A second 
smaller fish was given him, which being hurt in the 
conveyance, showed but litUe signs of life, and this he 
swallowed at once, apparently without shocking it. The 
coiling of the Gymnotus round its prey had, in this case, 
every appearance of being intentional on its part, to 
increase the force of the shock, and the action is evi- 
dently well suited for that purpose, being in full 
vaeccKrdance with the well-known laws of the discharge 
jCf currents in masses of conducting matter ; and though 
tbe fish may not always put this artifice in practice, it is 
very probable he is aware of its advantages, and may 
resort to it in cases of need.''* 

Animal electricity has been proved to be of the same 
character as that derived from other sources. The 
shock and the spark are like those of the machine ; and 

* Experimental Researches on Electricity. Series xv. Consult 
Sir Humphry Davy : An Account qfsome Ea^eriments on the Tor- 
pedo, — PhUosophical Transactions, 1829, p. 15. John Davy, M.D., 
E.B.S. : An Account qfsome Experiments and Observations on the 
TorpedOf ibid., 1832, p. 259 ; and the same author's Observations 
on the Torpedo, with an Account qfsome Additional Experiments on 
Us Electricity: and Matteucd, Bibliothegue Universelle, 1837, 
voL xii. p. 174. 
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tKe cnrrent from the animal^ circiilating around soft 
iron, like galvanic electricity, has the property of render- 
ing it magnetic. 

It is important that we should now review these 
conditions of electrical force in connexion with the great 
physical phenomena of nature. 

It is sufficiently evident, from the results which have 
b0en examined, that all matter, whatever may be its 
form or condition, is for ever under the operation of the 
physical forces, in a state of disturbance. From the 
centre to the surface all is in an active condition : a 
state of mutation prevails with every created thing ; and 
science clearly shows that influences are constantly in 
action which prevent the possibility of absolute repose. 

Under the excitement of the several agencies -of the 
solar beams, motion is given to all bodies by the circu- 
lation of heat, and a full flow of electricity is sent 
around the earth to perform its wondrous works. The solar 
influences, which regulate, and possibly determine, every 
physical force with which we are acquainted, are active 
m effecting an actual change of state in matter. The 
sunbeam of the morning falls on the solid earth, and its 
influence is felt to the very centre. Tte mountain-top 
ciatches the first ray of light, and its base, stUl wrapt in 
mists and darkness, is disturbed by the irradiating 
power. The crystalhne gems, hidden in the darkness of 
the solid rock, are dependent, for that form which 
makes them valued by the proud and gay, on the 
influence of those radiations which they are one day to 
refract in beauty. The metals locked in the chasms of 
the rifted rocks are, for all their physical peculiarities, 
as dependent on solar influence as is the flower which 
lifts its head to the morning sun, or the bird which sings 
" at heaven^s high gate.'^ 

Let us, then, examine how far electricity, as disr 
tinguished from the other powers, acts in producing any 
of these effects. 
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We find electricity in the atmospliere^ wliich tlie 
electrical kite of Dr. Franklin proydL to be identical 
with that principle produced by the friction of glass. In 
the grandeur and terror of a thund^*storm^ many see 
nothing but manifestations of Almighty wrath. When 
the volleys of the bursting cloud are pieicii]^ the 
disturbed air, and the thunders of the discharge are 
pealing their dreadful notes aboye oar heads, the 
chemical combinations of the noxious exhalations 
arising from the putrefying animal and T^etable 
masses of this earth are effect^, elements fitted for the 
purposes of health and vegetation are formed, and 
brought to the ground in the heavy rains which usually 
follow tiiese storms. Science has taught man this: — ^hi^ 
shown him that the '* partial evil" arising from the 
'^winged bolt" is a "universal good;" and, more than 
this, it has armed him with the means of protecting his 
life and property from the influence of lightnings. So 
that, like Ajax, he can defy the storm. By metallic 
rods, carried up a chimney, a tower, or a mast, we may 
form a channel through which the whole of the 
electricity of the most terrific thunder-cloud may be 
carried harmlessly into the earth or the sea; and it is 
pleasing to observe that at length prejudice has been 
overcome, and '' conductors*' are generally attached to 
high buildings, and to most of the ships of our navy.* 
It was discovered that the devastating hailstorms of the 
south of Prance and Switzerland, so destructive to the 
vineyards and crops, were accompanied by evidences of 
great electrical excitation, and it was proposed to dis- 
charge the electricity from the air by means of pointed 
metjdlic rods. These have been adopted, and, it is said, 

* On Lightning Conductors, by Sir William Snow Harris ; 
0,bservation8 on this Action of Lightning Conductors, by W. Snow 
Harris, Esq., F.R.S. — London Electrical Society's Transactions. 
Numerous valuable papers On Electricity, by Sir William Hams* 
will be found in the Philosophical Transactions. 



until leal adrmtage— each rod protecting an area of one 
hundred yards. Tbns it is that science ministers to our 
jserriee; and how much more pleasing is it to contem- 
plate the lightning, with the philosofdier, as an agent 
destroying the elements of pestilence, and restoring the 
healthfiilneas of the air we breathe, Aan with the 
romancer, to see in it only the dreaded sapect of a 
^tenjon of destruction. 

Thft laws which r^ulate the spread of a pestilence 
are xmknown. Tlie difficulties of the investigation are 
^reat, but they are by no means insurmountable. A 
plague passes ficom the east to the west across the world 
— ^it spreads mourning oyer the gayest cities, and sorrow 
49itteth in the, streets. The bUoL death rises in the 
Orient: it goes on in unchecked strength, and only 
^firiialiwi its course when it has made the circuit of the 
ciTolized world. The didera spreads its ebon wings — 
mankind troubles — ^watches its progress, and looks 
upon ihe path which is marked by the myriads of the 
dead, who have • fallen before the dire fiend. The 
diseases pass away — ^the dead are buried, and all is 
fozgotteo. The rush and the riot of life are pursued: 
and until man is threatened with another advent, he 
eares not to trouble himself. Accompanying the last 
visitation, there app^ certain peculiar meteorological 
conditions, which point a line of inquiry. It may or 
may not be the path which leads to the truth, but 
oertainly its indications are worthy of carefiil ex- 
amination. It may be asked, can weak man stop a 
pestilence; can a mortal^s puny hand retard the afflic- 
tions of the Almighty ? TLe question asked— it must 
be answered in reverence, yet without iGaar. No 
human power can produce a change in the physical con- 
ations of the earth, or of the air; and if our diseases 
are connected with those changes, as beyond all doubt 
a number of them are, tiiey lie above man's control* 
But when there are indications that causes secondary to 
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tliese are producing some dire effect, and when we 
know that these secondary causes may be modified, it is 
sufficient evidence to prove that man is permitted to 
control thus far the afflictions which are sent to try his 
powers. 

We find a disease winging its way f5rom lane to alley 
and closed court, sweeping vdth destructive violence its 
way through damp cellars and crowded attics ; it is rife 
with mischief along the banks of reeking ditches, and 
on the borders of fflthy streams. Certain it is, therefor^ 
that some ultimate connexion exists between the con- 
ditions of dirt and this speedy death. Can science tell 
of .these? has it yet searched out the connecting link ? 
Let the question be answered by a few facts. 

When the cholera first made its appearance, and 
subsequently, it has been observed that the electrical 
intensity of the atmosphere was unusually low. 

The disease has departed, and it is then found that 
the electricity of the air has been restored to its ordinary 
condition. 

This appears to show some connexion ; but how do 
these conditions link this physical force with the ditch- 
seeking disease ? 

Prom all stagnant places, from all the sinks of over- 
crowded himianity, from fermenting vegetable and from 
putrefying animal matter, there are constantly arising 
poisonous exhalations to do their work of destruction. 

Where death and decay is a law, this must of necessity 
constantly occur; but the poisonous reek may be dif- 
fused, or it may be concentrated, and Nature has pro- 
vided for this, and ordered the means for rendering the 
poison harmless. 

By the agency of electricity, — ^probably, too, by the 
influence of light, — ^the oxygen in the air imdergoes a 
pecuHar change, by which it is rendered far more ener- 
getic than it is in its ordinary state. This is the con- 
dition to which the name of ozone has been applied^ 
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Now, this ozone, or this peculiar oxygen, always exists 
in the air we breathe ; but its quantity is subject to great 
and rapid yariations. It is found that when electrical 
intensity is high the quantity of this principle is great ; 
when the electrical intensity is low, as in the cholera 
years, the proportion of ozone is relatively low. 

This remarkable chemical agent possesses the power 
of instantly combining with organic matter, — of re- 
moving with singular rapidity all noxious odours; and 
it would appear to be the most active of all known 
disinfectants. 

May we not infer from the facts stated that the pes- 
tilence we dread is the result of organic poison, which 
from a deficiency of ozone, — its natural antidote, — exerts 
its baneful influences on humanity. This deficiency is 
due to alterations in the electrical character of the air, 
possibly dependent upon phenomena taking place in the 
sun itself, or it may be still more directly influenced by 
variations in the character of solar light, which we have 
not yet detected, by which the conditions of the electric 
power are determined. 

This may be a line along which it is fair to push en- 
quiry. But such an enquiry must be made id all the 
purity of the highest inductive philosophy, and specu- 
lation must be held firmly in the controlling chains of 
experiment and observation. In the truths, however, 
which are known to us, there is so much harmony and 
consistence that even the melancholy theme links itself 
— a tragedy — ^with the Poetry of Science. 

It has been thought, and much satisfactory evidence 
has been brought forward to support the idea, that the 
earth's magnetism is due to currents of electricity 
circulating around the globe ; as a great natural current 
from east to west — ^that, indeed, it has an unvarying 
reference to the motion of the earth in relation to the sun.*^ 

* Adopting, to a certain extent, this view, Faraday, in his 
Electrical Nomenclature, proposed for the word pole to substitute- 
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These terrestrial currents^ as tln^ baye without doubt 
a very importaut beaiing <m the structural conditioiiffi 
of the rock-formatioiis and the distribution of minerals^ 
require an attentive consideration; but ire must^ in the 
first place, examine, as far as we know, the influences 
exerted, or suj^osed to be exerted, hj electridty, in its 
varied forms. 

The phenomena of vitality have, by many, beai con- 
4sidered as immediately dependent upon its influence; 
and a rather extensive series of experiments has been 
made in support of this hypothesis. The researches 
of Philip on the action of the organs of digestion, when 
separated from their connection with the brain; but 
united with a galvanic battery, have been proved by 
Br. Beid to be delusive ;* fflnce, as the organ is not 

MMde (&w, mpwardi^ and tHhs, a way), the way which the sun rises; 
and cathode {Kork, doumwards, and Ms, a tooy), the wa^ which the 
8iin sets- The hypothesis helongs essentiaily to Ampere. Objee^ 
4ions to the Theories severally of Franklin, Dufay, and Amphre, with 
an Effort to Explain Electrical Phenomena by Statical or Undulatory 
Polarisation, hy Robert Hare, M.D., Pennsylvania, will well repay 
an attentive perusal. 

♦ Inquiry into the Laws of the Vital Functions, — Philosophical 
Transactions, 1815, 1822; Some ObservatioTis relating to the Func- 
4ions of Digestion, ibid., 1829 : On the Powers on which the Ftmc' 
turns of life in the more perfect animals depend, and on the numner 
in witich they are associated in the production of their more oom- 
jdicated results, byA.P. W. Philip, M.D., F,R.S., L. and E.— . 
The following extract from the last-quoted of Dr. Philip's Memoirs, 
will give a general view of the conclusions of that eminent physio- 
logist : — " With respect to the nature of the powers of the living 
animal which we have been considering, the sensorial and mus- 
cular powers, and the powers peculiar to living blood, we have 
found belong to the living animal alone, all their peculiar proper- 
ties being &e properties of life. The functions of life may be 
divided into two classes, those which are affected by the propcarties 
of this principle alone, and those, by fax the most numerous class, 
which result from the co-operation of these properties with those 
of Uie principles which operate in inanimate nature. The nervous 
power we have found to be a modification of one of the latter prin- 
ciples, because it can exist in other textures than those to wnicb 
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remove J ftom tlie mflaenoe of the liviiig prindple, it is 
quite evident that the electricity here is only seoondajy 
to some more impcnrtant power. Matteuod has en- 
demTOored to dhow that nervous action is intimately 
conneotod mih electric excitation^ and that electricity 
my be made a measurer of nervous iritability.* There 
can be no doubt that a peculiar susceptibility to excite- 
ment erats in some systems, and this is very strikingly 
sliofwn in the distnrbwoes produced by electric action ; 
but in ihe experiments which have been brought for- 
waid we have only the evidence that a certain number 
of mutcnlar contractions are exhibited in one animal by 
a current of electricity, giving a measured effect by the 
voltameter, which are different &om those produced 
npoDL another by a current of the same power. An 
attempt has recently been made by Mr. A. Smee to 
reduce the electrical phenomena connected with vitality 
to a vkote exact system than had hitherto been done. 
We cannot, however, regard the attempt as successful. 
The aottior has trusted almost entirely to analc^cal 
reasoning, which is in science always dangerous.t In 
tibe deve^pment of electricity during the operation of 
tlie vital force, we see only the phenomena produced 
by the action of any two dissimilar chemical compounds 

it belongs in the living animal, and we can substitute for it one of 
those principles without disturbing the functions of life. 

** Late discoveries bave been gradually eyincing bow far more 
extensive than was supposed, even a few years ago, is the domi- 
nion of electricity. Magnetism, chemical affinity, and (1 believe 
from the &cts stiUted in the foregoing pi^ser, it will be impossible 
to avoid tbe oonclusion) the nervous influence, the leading power 
in the vital functions of the animal frame, properly soeaBed, appear 
all of them to be modifications of this apparentiy nniversid agent; 
for I mav add we have aJready some glimpses of its still more ex- 
tBDfliTe dominion." 

Befer to Dr. Beid's papers. 

* Eleetro-pkysiologicat Re$earches : by Signor Carlo Matteuod; 
Phil. Trans. 1845, p. 293, and subsequent years. 

+ Electro-Biology: by Alfred Smee, Esq. 
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iqxm each other. It has been thought that the Blr u clu re 
of the brain presents an analogy to that of the galvanic 
battery, and the nenres represent the condndang wires. 
Altiiongh, howerer^ some of the conditions appear 
similar^ there are many which have no representatives 
in dther the mechanical structure or the physical 
properties of the brain^ so far as we know it. That i3ie 
bram is the centre^ the source^ and termination of sen- 
sation is very clearly proved by physiological investi- 
gations. That the nerves are tiie media by whidi all 
sensation is conveyed to the brain^ and also the instru- 
ments by which the will exerts its power over the 
muscles^ is equally well established. But to say that we 
have any evidence to support the idea that electricity 
has aught to do directly with these great physiological 
phenomena^ would be a bold assertion, betraying a want 
of due caution on the part of the investigator. That 
electric ejffects are developed during the operations of 
vitality is most certain. Such must be the case, from 
the chemical changes taking place during respiration 
and digestion, and the mechanical movements by which, 
even during external repose, the necessary functions of 
the body are carried on. Whether electricity is the 
cause of these, or an effect arising from them, we need 
not stop to examine, as this is, in the present state of 
our knowledge, a mere speculation. We have no evi- 
dence that electricity is an exciting power, but rather 
that it is one of those forces which tend to establish 
the equilibrium of matter. When disturbed — ^when its 
equilibrium is overset — ^it does, in its efforts to regain 
its stability, produce most remarkable effects. An 
electrical madune must be rubbed to exhibit any force. 
In all galvanic arrangements, even the most simple, 
dissimilar bodies are brought together, and the latent 
electricity of both is disturbed ; and, even in the magnet, 
it is only when this takes place that its electrical powers 
are developed. In the Gymnottu, electricity appears to 
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be dependent 19cm flie power cf tlie wiD cf dw I 
bat even in Hob extrndmaiT fiih, it is onhr under pe- 
culiar conditiQns tbat tlie dectrical t^ritim^^nt takes 
plao^ and ''what ther inflict, tfaer fisd" during the 
leatoratian cf that eqinKbdnm vludi is neeeanrr to 
Iheir healdqr stale. In ererr case, therefijte, we' see 
that some power far soperiar to this is the ultimate 
canae; indeed, Ugfat and hes^ and probably acdnism, 
9pear to stand sapenor to this prindpfe ; anid on these, 
in scMne combined mode cf action, in all piobabilitT, 
senflible electricitT is dependent. Berond eren these 
dements, largdj as thejr are engaged in the organic 
and inorganic changes <k this wodd, there are occult 
powers i^hich mar never be understood by finite beings. 
We advance step by step from the most sdid to die 
most ethereal of material creations, and we ^nraminp a 
series of e xtr a ordin ary effects produced by powers whidi 
we Imow not whether to regard as material or imma- 
terial, so subtile are they. On these, it appears, we 
may exhaust our inductire iuTcstigations — we may dis- 
cover Ae laws by which these principles act upon the 
grosser elements, and derelope phenomena of a yery 
lemaAable kind which hare been unobserved or mis- 
understood. Whether H^t, heat, and electricity are 
modificaticms of one power, or differoit powers yery 
closely united in action, is a problem we mzy possibly 
solve; but to know what they are, i^ipears to be bqrond 
the hopes of science; and it were idle to dream of 
elucidating the causes hidden beyond these fixrces, and 
by which ibey tare r^ulated in all their actions on dead 
or living matter. 

M. Du Bois Baymond, firom a series of researches 
remarkable alike far their difficulty and ihe delicacy 
with which -Qiej have been pursued, draws the following, 
amongst many others, as his conclusions as to the cor- 
nection of electricity and vital phenomena. 

The muscles and nerves, incmding the brain and the 
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spinal cliord, are endowed dming life with an electro- 
motive poT?er, which acts according to a definite Uw, 

The electromotive power lasts afltr death, or in dis- 
sected nen^ea and musdes after aeparation from tie 
body of the animal^ as long aa the eiscitability of the 
nervous and muscular fibre ; whether these fibres are 
permitted to die gradually from the cessation of the 
conditions neceaaary to the support of life, or whether 
they are suddenly deprived of their vital propertieH by 
heat or chemical action. 

Let us not suppose for a moment that these con- 
clusions indicate ia the remotest degree that electricity 
is life, — that vital power is due to electricity. 

During life^ with every motion, and, indeed, with 
every emotion, whether we move a muscle or eiert the 
mind, there is a change of state. The result of this is 
chemical phenomena, — heat and electricity; but these are 
not life. We excite them eqnaUy by giving motion to 
a dead mass. 

Notwithstanding the assertions of those who have 
zealously followed the path of Mesmer, and eiammed, 
or they have thought so, the psychological eWedB de- 
pendent upon some strange physiological conditions, 
there is not an experiment on record, — there is not an 
observation worthy of credit, which shows that elec- 
tricity has any connection mth their results. All around 
their subject is uncertainty : doubt involves every 
experiment, and deception clouds a large number. 
Some few grains of truth, and these are sufficietitiy 
strange, are mixed up ia an enonnoua mass of error. 

All the phenomena of life, — of the vis mtm or vitahty, 
are beyond human search. All the physical forces, or 
elements, we may examine by the test of experiment : 
but the principle on which sensation depends, the prai- 
ciple even upon which vegetable lift depends, cannot 
be tested. Life is infinitely superior to every physical 
force; it holds them all in control, but is not itself 




SLBCTBO-CULTITUU 223- 

eontroUed by ihem; it keeps its state sacred from 
human aeaxch, — the invisible hidden behind the yeil of 
mooriality. 

Baling dianges in the electrical conditicMis of the 
earth and atmosphere^ vegetables give indicati<ms of 
being in a pecoliar mannar influenced by this power. 
It is pioved by experiments that the leaves of plants 
ne amcmg the best conductors of electricity, and it 
luMi hence been in&nred that it must necesseurily be 
advantageous to vegetation. That vegetable growth 
is^ eqniJly with animal growth, subject to dectricity,. 
JIB one of its quickening powers, must be admitted; 
bwt all eaqieriments wh^ have beai &irly tried with. 
the yiffw g[ stimulating the growth of plants hj its 
agency, have given vaults, of a negative diaracter.^ 
^^■t a galvanic arrangement may produce chemical 
changes in the soil, which may be advantageous to the- 
plttit^ is probaUe; but that a jisjot can be brought to 
matnnty sooner, or be made to develope itadf more 
eom^btdy, under the direct action of electrical exci- 
tstian, appears to be one of those dreams of sdence- 
which will have a place amongst the marvels of iddiemy 
and the fictions of astrology. An attentive examination 
of all the conditions neeessaryfor the satisfiMHxxry de» 
vekypmoit of the plsBt, will render it evidaskt, that 
aithougfa the ordinary electrical staite of the earth and 
atmosphere must influence the processes of germination 
and vegetable growth, yet that any additk>nal excitement 
must be destr u ct iv e to tibem. Hie wonders wrought by 
electrical power are marvdlons; a magic influence is 

* ObservtUiomg ofEUctric Cktrrenfs in Vegetable Structttres : by 
Qolding Bird, Esq., F.L.S.; Magazine of Natural History, vol. x. 
p. d40. In this paper Br. Bird remarks that his -ezpeaciments lead 
to i^e conchision that yegetidileB eannot become so doaiged with 
electricity as to afford a spark ; that electrical currents of feeble 
tension' are always circulating in v^etable tissues; and that elec- 
^caJ currents are developea during germination from chemical 
action. 



exerted by it, and naturally the inquiring mind is led 
at first to beKeve that electricity is tlie aU-powerM 
principle of creation ; but a little reflection will ser^-e 
to convince us tbat it is a subordinate agentj althotigh 
a powerful one. 

In proceeding with our examination of the phe- 
nomena which present themselves in connection with 
the terrestrial currents^ we purposely separate mag- 
netism from those more distinct electro-chemical agen- 
cies which play so important a part in the great cosmieal 
operations* 

Electricity, we have already stated, flows through or 
involves all bodies ; but, like heat, it appears to undergo 
a very remarkable change in becoming associated with 
some forms of matter. We have the phenomena of 
magnetism when an electric current circulates through 
a metallic wire, and it would appear that all other bodies 
acquire a peculiar polar condition under the influence of 
this principkj which will be explained in the next chapter. 

The rocksj taken as masses, will not conduct an 
electric cturent when dry ; granite, porphyry, slate, and 
limestone^ obstructing its passage even through the 
smallest spaces. But all the metallic formations admit 
of its circulating with great freedom. This fact it must, 
however, he remembered does not in any way interfere 
with the hypothesis of the existence of electricity in aU 
bodies, in what wc must regard as its latent state, from 
which, under prescribed conditions, it may be readily 
liberated. Neither does it affect the question of circu- 
lation, in relation to the great diffusion of electricity 
which we suppose to exist through all nature, and to 
move in obedience to some fixed law. We know that 
through the superficial strata electric currents circulate 
freely, whether they are composed of clay, sand, or any 
mixture of these with decomposed organic matter; 
indeed, that with any substance in a moist state they 
suffer no interruption. 
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Tlie decHicitT cif minenl Teins has ittmcced mndi 
attentioDy and mmieniiis inrcEtigadaiiB into tbe phew>- 
k vhicii llieBe meiallifextyiis fiDmiatkms present, liare 
ade fincnn tinie to tinie.^ 
By iuerdn^ into the massof aoc^pcrlMipy <H-Tiein,in 
to, m metallic viie, whic^ ahaU be oonnected with a mea- 
> of galrmic action, a wireabo fnjm. the instrument 
Iw'mg faroi^it into c(Hitactwithanother/Mfe,an iinmAii^i ip 
efiect is genenDr produced, showing: that a cuirent is 
Uji f c isiu g throng the wires from cme iode to the other, 
^nA ocMnpleting: tlie chmlatian probaUr over the daik 
tBce ct the rock in which the fissures forming the 
nuneral Tcins exist.t The currents thus detected are 
oAen snlEcientlT actire to deflect a magnetic needle 
poweifbllf , to iHioduoe, slowbr, dectro-chemical decom- 
p o^iartn^ and to render a bar of iron magnetic. These 
curren ts most not be confounded with the great 
fHf^-^ing^ moremcnts around the earth. Ther are 
oaij to be detected in those mineral fiHinations in whidi 
there is evidence of chemical actimi going on, and, the 
greater the amount of this chemical operation, the more 
enefsedc are the electrical currents.^ We hsTe, how- 

* Om Mimenl Vetms: by Bohert Were Fox, Esq. ; Fourth Re- 
port of tbe B4>yal Cornwall Poljtecbiiic Sodetj. Om tie Electro 
imogmeiiePropertie$cfMetaUifefoms Vehum tli wumaqfCormrmil: 
by Bobert Vf. Fox, Esq. ; PhU. Tians. l-^;iO, p. 399. 

f Brperimeuis and Obsenmiums om the Electricity of Mimerml 
Vtims : bj Bobert Hant and John Pbillips; Beports of the Boval 
Cornwall Polytechnic Society for 1k41 42. Om tke Etectnciiw'of 
Jlimeral Vems : by ^Ir. John Arthur Phillips ; Ibid.. 184-3. 

I In the lead lodes of Lamias and FromgoeK electrical currents 
were detected by Mr. Fox, but none in those of Scmik IfM and 
Milwr, in Flintshire : Cornwall Geological Transactions, vol. iv 
In the lead reins of Coidberrf and Skeers, in Teasdale, Durham 
tbe currents detected were very feeble : BeporU of tbe Bristol As^ 
aociation, 1838. Von Strombeck could detect no electric currents 
in. tbe veins worked in the clay slate near Saint Goar, on the 
Bhine : Arcbiv. fiir Mineralogie. Geognosie, &c., von Dr. C J B 
Karsten, 1833. Professor Beith, however, obtained very decided 
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ever, very good evidence that these local currents have, 
of themselTes^ many peculiar influences. It not unfire- 
quentiy happens that owing to some great disturbance 
of the crust of the earth, a mineral vein is dislocated, 
and one part either sinks below, or is lifted above its 
original position ; the fissures formed between the two 
bemg usually filled in with clay or with crystalline 
masses of more recent formation than the fissure itself. 
It is frequently found that these "crp$9 courses" as 
they are called in mining language, contain ores of a 
different character from those which constitute the 
mineral vein ; for instance, in them nickel, cobalt, and 
silver are not unfrequently discovered. When these 
metals are so found, they almost invariably occur be- 
tween the ends of the dislocated lode, and often t£^e a 
curvilinear direction, as if they were deposited along a 
line of electrical force.* 

In the laboratory such an arrangement has been 
imitated, and in a mass of clay fixed between the gal- 
vanic plates, after a short period a distinct formation of 
a mineral vein has taken place.f By the action, too, of 
weak electrical currents, Becquerel, Crosse, and others, 
have been successful in imitating nature so far as to 
produce crystals of quartz and other minerals. In addi- 
tion to this evidence, in support of the electrical theory 

results at Frisch GUtck^ Neue Hofmmg, Gottlob, and in other mi- 
neral veins in the mining districts of Saxony : Edinburgh New 
Piulosophieal Journal, vol. xxviii. 1839. The irregularities are all 
to be explained by the presence or absence of chemical excitation. 

* This was remadcably the ease at Huel Sptamon, near Redrutii, 
where the cobalt was discovered betweed two portions of a dislo- 
cated lode ; and the same was observed by Mr. P^rcivai Johnsoa 
in a small mine worked for nickel, near St. AustelL 

t On the process nsei for obUtknusf ttrtijkitil veins m akty : by 
T. B. Jordan ; Sixth Annual Report <»f the Royal Cornwall Poly- 
technic Society. See also my memoir, ali^ady referred to, in the 
MemoiiB <^ the Geological Sonfey and Mueeum of Fnxsl&cal O^o- 
logy, >wd.i 
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of the origin of mineral veins^ it can be experimentally 
«hown that a schistose structure may be given to clays 
and sandstone by voltaic action.* 

There is often a very remarkable r^ularity in the 
direction of mineral veins: throughout Cornwall, for 
instance, they most commonly have a bearing &om the 
E. of N. to the W. of S. It has hence been' inferred 
that they observe some relation to the magnetic poles of 
the earth. However this may be, it is certain that the 
ore in any lodes which are in a direction at right angles, 
or nearly so, to this main line, differs in character from 
tliat found in these, so called, east and west lobes.f 

The sources of chemical action in the earth are nume- 
rous. Water percolating through the soil, and finding 
its way to great depths through fissures in the rocks, 
oarries with it oxygen and various salts in solution. 
Water again rising from below, whether infiltrated from 
the ocean or derived from other sources, is usually of a 
high temperature, and it always contains a large quan- 
tity of saline matter. J By these causes alone chemical 

* See Becquerel, TraitS Experimental de VElectriciti, Sfc. Elee- 
irical Experiments on the formation of Artificial Crystals : by 
Andrew Crosse, Esq. ; IJritish Association Eeports, vol. v., 1836. 
The lamination of clay and other substances is described in my 
memoir referred to, Note p. 226. 

f Keport on the Geology of Cornwall, Devon, and West Somer- 
set, by Sir Henry T. De la Beche : Theoretical observations on the 
formation and filling of Mineral Veins and Common Faults^ p. 349. 

I The following analyses of waters from deep mines were made 
by me in 1840, and, with many others, pubUshed in the Keports of 
tiie Koyal Cornwall Polytechnic Society. 
Consolidated Mines, Gwennap, 

Cornwall. In 1,000 grains of water. 

Muriate of s«da . . . .1-5 



Sulphate of lime . 
Sulphate of iron . 
Sulphate of copper 
Silica . 
Alumina 



•5 
•U 
1-25 
•16 
•3 



Total 3-7 
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action must be set up. Chemical change cannot take 
place Tnthout a development of electricity : and it has 
been proved that the quantity of electricity required for 
the production of any change is equal to that contained 
in the substances undergoing such change. Thus a 
constant activity is maintained within the caverns of the 
rock by the agency of the chemical and electrical 
elements, and mutations on a scale of great grandeur 
are constantly taking place under some dnrective force. 

The mysterious gnome, labouring— ever labouring — 
in the formation of metals, and the mischievous Cob^us 
of the mine, are the poor creations of superstition. A 
vague fear is spread amongst great masses of mankind 
relative to the condition of the dark recesses of the 
earth; a certain unacknowledged awe is experienced by 
many on entering a cavern, or descending a mine : not 
the natural fear arising from the peculiarity of the situ- 
ation, but the result of a superstitious dread, the effect 
of a depraved education, by which they have been taught 
to refer everything a little beyond their immediate com- 
prehension to supernatural causes. The spirit of demon 



United Mines, Gwennap. 
Muriate of soda . 
Muriate of lime v 
Sulphate of soda . 
Sulphate of lime . 
Sulphate of lion . 
Alumina 
Silica . . 


In 1,000 grains of water. 
. 110 
•15 
•50 
, . . 15 
•75 
S3 
•15 


Total . 


. 4-65 


Great St. George. 

Muriate of soda 
Sulphate of lime . 
Carbonate of h-on . 
Alumina 
Carbonate of lime 


! . r35 
•74 
•70 
•50 
•10 



Total . . . ;i-4 
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worship^ as well as that of hero worship^ has passed 
from the early ages down to the present ; and under its 
influence the genii of the East and the demons of the 
West have preserved their traditionary powers. 

Fiction has employed itself with the utmost license in 
giving glowing pictures of treasures hidden in the earth^s 
recesses. The caverns of Chilminar, the cave of Alad- 
din^ the abodes of the spirits of the Hartz^ and the 
dwellings of the fairies of England^ are gem-bespangled 
and gold-glistening vaults, to which man has never 
)*eached. The pictures are pleasing ; but although they 
have the elements of poetry in them, and delight the 
young mind, they want the sterling character of scien- 
tific truth ; and the wonderful researches of the plod* 
ding mineralogist have developed more beauty in the 
caverns of the dark rock than ever fancy painted in her 
happiest moments. 

In all probability the action of the sun's rays upon 
the earth's surface, producing a constantly varying differ- 
ence of temperature, and sJso the temperature which 
has been observed as existing at great depths, give rise 
to thermo-electrical currents, which may play an impor- 
tant part in the results thus briefly described. 

In connection with these great natural operations, ex- 
plaining them, and being also, to some extent, explained 
by them, we have the very beautiful application of elec- 
tricity to the deposition of metals, called the Electrotype. 

Applying the views we have adopted to this beautiM 
discovery,* the whole process by which i;hese metallic 
deposits are produced will be yet more clearly under- 
stood. By the agency of the electric fluid, liberated 

* The discovery of tho electrotype has been disputed, as all valu- 
able discoveries are. Without, iiowever, at all disparaging the 
merits of what had been done by Mr. Jordan, I am satisfied, aftar 
the most careful search, that the first person who really employed 
electro-chemical action for the precipitation of metals in an orna- 
mental form, was Mr. Spencer, of Liverpool. 
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in the galyanic battery, a disturbance of the electricity 
of the solution of copper, silver^ or gold^ is produced, 
and the metal is deposHied ; but, inst^d of allowing the 
acid in combination to escape^ it has presented to it 
some of tiie same metal as that revived^ and^ conse- 
quently^ it combines with it, and this compound, being- 
dissolved, maintains the strength of the solution.^ A 
system of reyiyal, or decomposition, is carried on pt one 
pole, and one of abrasion, or more correctly speaking, of 
composition and solution, at the other. By ta^ng 
advantage of this very extraordinary power of electricity^ 
we now form vessels for ornament or use, we gild or 
silver all kinds of utensils, and give the imperishability 
of metal to the most delicate productions of nature — 
her firuits, her flowers, and her insects ; — ^and over the 
finest labours of the loom we may throw coatings of gold 
or silver to add to their el^ance and durability. Nor 
need we employ the somewhat compile arrangem^it of 
the battery: we may take the stc«l magnet, and, by 
mechanicidly disturbing the electricity it contains, we 
can produce a cunrent through copper wires, which may 
be used, and is extensively employed, for gilding and 
silvering.t The earth itself may be made the battery, 
and, by connecting wires with] its mineral deposits, cur- 
rents of electricity have been secured, and uised for the 
production of electrotype deposit.:^ 

* See Spencer, Instructions for tke Multiplication qf works of 
Art in Metal by Voltaic Electricity. Novelties m Experimental 
Science : Griffio, Glasgow Elements qf Electro-MetaUurgy : b} 
Alfred Smee, Esq. 

f XIm magneto-electrical machine is employed in Birmingbam 
for this purpose ; but I am informed hy Messrs. Elkington that 
they do not nud it economical, or rather that the electro-precipita- 
tion is carried on too slowly. 

t This has been done by Mr. Robert Were Fox, at a mine near 
Falmoutii. By connecting two copper wires with two lodes, and 
brin|]^ng them, at the surrace, into a cell containing a solution of 
sulphate of copper, this gentleman obtained an electrotype copy of 
an engraved copper-plate. 
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The electrotype is but one of the applications of 
electricity to the uses of man. This agent has been 
emplaned as the carrier of thought ; and with infinite 
rapidity^ messages of importance^ communicationB in- 
volving life^ and intelligences outstripping the speed of 
coward crime^ have been communicated. There will be 
no difi&culty in understanding the principle of this^ 
although many of the nice mechanicsd arrangements, to 
ensure precision^ are of a somewhat elaborate character. 
The entire action depends on the deflection of a com- 
pass-needle by the passage of an electric current along 
its length. If at a given point we place a galvanic bat- . 
tery^ and at twenty or one hundred miles distance from 
it a compass-needle^ between a wire brought from, and 
another returning to the battery, the needle will remain 
true t6 its polar direction so long as the wires are mi- 
excited ; but the moment connection is made, and the 
circuit is complete, the electricity of the whole extent of 
wire is disturbed, and the needle is thrown at right 
angles to the direction of the current. Provided a con- 
nection between two points can be secured^ however 
remote they are from each other, we thus^ almost 
instantaneously, convey any intelligence. The effects 
of an electric current woiild appear at a distance of 
676^000 miles in a second of time ; and to that dis- 
tance, an,d with that speed, it is possible, by Professor 
Wheatstone^s beautifiil arrangements, to convey whispers 
of love or messages of destruction. 

The enchanted horse of the Arabian magician, the 
magic carpet of the Grerman sorcery, were poor contri- 
vances, compared with the copper wires of the elec- 
trician, by which all the difficulties of time and the 
barriers of space appear to be overcome. In the Scandi- 
navian mythology we find certain spiritual powers of 
e?il enabled to pass with imperceptible speed from one 
remote point to another, sowing the seeds of a common 
ruin amongst mankind. Such is the morbid creation of 
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a wild yet highly endowed imagination. The spirit of 
evil diffuses itseLf in a remarkable manner^ and, indeed, 
we might ahnost assign to -it the power of ubiquity; 
but in reaUty its advance is progressive, and time enters 
as an element into any calculation on its diffusion. 
Electricity is instantaneous in action; as a spirit of 
peace and good-will it can overtake the spirit of evil, 
and divert it from its designs. May we not hope that 
the electrical telegraph, msA:ing, as it must do, the whole 
of the civilized world enter into a communion of thought, 
and, through thought, of feeling with each other, will 
bind us up in one common brotherhood, and that, 
instead of misunderstanding and of misinterpreting the 
desires and the designs of each other, we sluill learn to 
know that such things as '^ natural enemies'^ do not 
exist? To hope to break down the great barrier of 
language is perhaps too much; but assuredly we may 
hope that, as we must do when closer and more intimate 
relations are sectu*ed by the aids of science, the barrier 
of prejudice may be razed to the ground, and not one 
stone left to stand upon another? Our contentions, 
our sanguinary wars, consecrated to history by the bap- 
tism of blood, have in every, or in nearly every, instance 
sprung from the force of prejudice, or the mistakes of 
politicians, whose minds were narrowed to the limits of 
a convention formed for perpetuating the reign of 
ignorance. 

And can anything be more in accordance with the 
spirit of all that we revere as holy, than the idea that 
the elements employed by the All Infinite in the works 
of physical creation shall be made, even in the hands of 
man, the ministering angels to the great moral re- 
demption of the world ? Associate the distant nations 
of the earthy and they will find some common ground 
on which they may unite. 'Mortality compels a de- 
pendence ; and there are charities which spring up alike 
in the breast of the savage and the civilized man, which 
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will not be controlled by the cold usages of pride, but 
which, like all truths, though in a still small voicjC, 
speak more forcibly to the heart than errors can, and 
serve as links in the great chain which must bind man- 
kind in a common brotherhood. ^^ None are all evil,^' 
and the best have much to learn of the amenities of 
life from him who yet lives in a ^^ state of nature,^^ or 
rather from him whose sensualities have prevailed over 
his intellectual powers, but who still preserves many 
of the noblest instincts, to give them no higher term, 
wliich other races, proud of their intelligence, have 
thrown aside. Time and space have hitherto prevented 
the accomplishment of this ; electricity and mechanics 
promise to subdue both ; and we have every reason to 
hope those powers are destined to accelerate the union 
of the vast human family. 

Electrical power has also been employed for the pur- 
pose of measuring time, and by its means a great number 
of clocks can be kept in a state of uniform correctness, 
which no other arrangement can effect. A battery being 
united with the chief clock, which is itself connected by 
wires with any number of clocks arranged at a distance 
from each other, has the current continually and regu- 
larly interrupted by the beating of the pendulum, which 
interruption is experienced by all the clocks included 
in the electric circuit; and, in accordance with this 
breaking and making contact, the indicators or hands 
move over the dial with a constantly uniform rate. 
Instead of a battery the earth itself has supplied the 
stream of electric fluid, with which the rate of its revo- 
lutions has been registered with the utmost fidelity.* 

Electricity, which is now employed to register the 
march of time, rushes far in advance of the sage who 
walks with measured tread, watching the falling sands 
in the hour-glass. 

* This has been most effectually accomplished by Mr. Bain. 
Mr. Hobson has had an electric clock, thus excited, in action for 
several vears. 
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The earth is spanned and the ocean pierced by 
the wires of the electric telegraph. Already, from 
the banks of the Thames to the shores of the 
Adriatic, onr electric messenger will do our bidding. 
The telegraph is making its way through Italy, and 
it is dipping iter wires in the Mediterranean, soon to 
reach the coast of Africa. They will then run along 
the African shores to Egypt and Turkey, and stiU on- 
ward until they unite with the telegraphs of India, of 
which three thousand miles are in prc^ess. From 
Hindostan these wondrous wires will run from island to 
island in the Indian Archipelago, and thus connect 
Australia an4 New Zealand with Europe. 

In a few years we may expect to have an instantaneous 
report in London of the extraordinary '^ nugget'^ dis- 
covered by some fortunate gold-di^er ; and the exile 
from his native land in the Islands of the South Pacific 
Ocean^ may learn every hour, if he will, of the doings 
of his &mily and friends in some village home of 
England. 
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CHAPTER X. 

MAGNETISM. 

Magnetic Iron — Knowledge of, bv the Ancients — Artificial 
Magnets — Electro- Magnets — Electro-Magnetism — Magneto- 
Electricity — Theories of Magnetism— The Ma^etic rower 
of soft Iron and Steel — Influence of Heat on Magnetism — 
Terrestrial Magnetism — Declination of the Compass-needle 
— ^Variation of the Earth's Magnetism — Magnetic Poles — 
Hansteen's Speculations— Monthly and Diinmal Variation — 
Dip and Intensity — Thermo-Magiietism— Aurora Borealis 
—Magnetic Storms— Magnetic conditions . of Matter — ^Dia- 
Magnedsm, &c» 

Agreeably with the view now generally received, that 
magnetism and electricity are but modifications of one 
force, since they are found to stand to each other in the 
rdation of cause and effect, the separation which is here 
adopted, of the consideration of their several phenomena,, 
may appear inappropriate. The importance, however, 
of all that is connected with magnetism, and the very 
decided difference which is presented by true magnetic 
action, and that of frictional or chemical electricity, is 
so great that it has been thought advantageous to adopt 
the present arrangement in reviewing the influence of 
terrestrial magnetism with which science has made us 
acquainted. 

Prom a very early period a peculiar attractive force 
has been observed in some specimens of iron ore. 
Masses of this kind were found in Magnesia, and from 
that locality we derive the name given to iron in its 
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polar condition. This is confirmed by the following 
lines by Lucretius :— - 

Quod superest agere incipiam, quo foedere fiat 
Natura lapis hie ut ferrum ducere possit, 
Quern magneta vocant patrio de nomine Graii 
Magnetum, buia sit patriis in finibus ortus. 

Again we find Pliny employing the term magnetic, to 
express this singular power. It was known to the 
ancients that the magnetic power of iron, and the 
electric property of amber, were not of the same 
character, but they were both alike regarded as mirax^u- 
lous. The Chinese and Arabians seem to have known 
Magnetism ataperiod long before that at whichEuropeans 
became acquainted with either the natural loadstone or 
the artificial magnet. Previously to a.d. 121, the 
magnet is distinctly mentioned in a Chinese dictionary ; 
and in a.d. 419 it is stated in another of their books 
that ships were steered south by it.* 

The earliest popularly received account of its use in 
Europe is, that Vasco de Gama employed a compass in 
1427, when that really adventurous navigator first ex- 
plored the Indian seas. It is highly probable, however, 
that the knowledge of its important use was derived 
from some of the Oriental nations at a much earlier 
period. 

We have some curious descriptions of the leading 
stone or loadstone, in the works of an Icelandic 
historian, who wrote in 1068. The mariner's compass 
is described in a French poem of the date of 1181 ; and 
from Torfaeus's History of Norway, it appears to have 
been known to the northern nations certainly in 1266. 

* Treatise on Magnetismy by Sir David Brewster. Cosmos : a 
Sketch of a Physical description of the Universe ; by Alexander 
Von Humboldt— Otte's Translation. 
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We have not to deal with the history of magnetic 
discovery, but so far as it tells of the strange pro- 
perties which magnets are found to possess, and the 
apphcation of this knowledge to the elucidation of 
effects occurring in nature. 

A brown stone, in no respect presenting anything by 
which it shall be distinguished from other rude stones 
around it, is found, upon close examination, to possess the 
power of drawing hght particles of iron towsurds it. K 
this stone is placed upon a table, and iron filings are 
thrown lightly around it, we discover that these filings 
arrange themselves in symmetric curves, proceeding 
from some one point of the mass to some other ; and 
upon examining into this, we shall find that the iron 
which has once clung to the one point will be rejected 
by the other. K this stone is freely suspended, we 
shall learn also that it always comes to rest in a certain 
position, — this position being determined by these 
points, and some attractive force residing in the earth 
itself. These points we call its poles ; and it is now 
established that this rude stone is but a small represent 
tative of our planet. Both are magnetic : both are so 
in virtue of the circulation of currents of electricity, or 
of lines of magnetic force, as seen in the curves formed 
by the iron dust, and the north pole of the one attracts 
the south pole of the other, and the contrary. By a 
confusion of terms we speak of the north pole of a com- 
pass-needle, meaning that point which is always oppo- 
site to the north pole of the earth : the truth being that 
the pole of the compass-needle, which is so forcibly 
drawn to the north, is a point in a contrary state, or, as 
we may express it, really a south pole. 

There is a power of a pecuhar kind, differing from 
gravitation, or any other attracting or aggregating force 
with which we are acquainted, which exists permanently 
in the magnetic iron stones, and also in the earth. 
What is this power? 



^8 ELECTRO-MAGNETISM. 

Magnetism, may be produced in any bar of steel, 
either by rubbing it with a loadstone^ or by placing it in 
a certain position in relation to the magnetic currents of 
the earth, and, by a blow or any other means, disturbing 
its molecular arrangement. This priudple appears to 
involve the iron as with an atmosphere, and to inter- 
penetrate it. By one magnet we may induce magnetism 
in any number of iron bars without its losing any of its 
original force. As we have observed of the electrical 
forces already considered, the magnet constantly presents 
two points in which there is a difference manifested by 
the circumstance that they are always drawn with con- 
siderable power towards the north or south poles of the 
earth. That this power is of the same character as the 
electricity which we have been considering, is now most 
isatis&ctorily proved. By involving a bar of soft iron 
which, being without any magnetic power, is incapable 
of sustaining even an ounce weight, with a coil of 
eopper wire, through which a galvanic current is passing, 
the bar will receive, by induction from the current, an 
enormous accession of power, and wiU, so long as the 
current flows around it, sustain many hundred poimds 
weight, which, the moment the current is checked, fall 
away from it in obedience to the law of gravity. Thus 
the mere flow of this invisible agent aroimd a mass of 
metal possessing no magneto-attractive power, at once 
imparts this life-like influence to it, and as long as the 
current is maintained, the iron is endowed with this 
surprising energy. 

This discovCTy, which we owe to the genius of 
Oersted, and wluch has, indeed, given rise to a new 
science, electro-magnetism, may be regarded as one of 
the most important additions made to our knowledge. 

Current electricity is magnetic ; iron is not necessary 
to the production of magnetic phenomena, although by 
its presence we secure a greater amount of power. The 
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copper wires which complete the circuit of a galvanic 
battery, will attract and hold up large quantities of iron 
filings, and the wires of the electric telegraph will do 
the same, while any signal is being conveyed along 
them. Again, all the phenomena common to galvanic 
electricity can be produced by merely disturbing the 
power permanently secured in the ordinary magnet. 
It was thought that magnets would become weakened 
by this constant disturbance of their magnetism ; but, 
since its apphcation to the purpose of manufacture, and 
magneto-electricity has been employed in electro-plating, 
it has been found that continued action for many 
years, during which enormous quantities of electricity 
have been thus given out and employed in producing 
chemical decomposition, has not, in the slightest degree, 
altered their powers. Thus a small bar of metal is 
shown to be capable of pouring out, for any number of 
years, the principle upon which the phenomena of mag- 
netism depend. 

There are, however, diflferences, and striking ones, 
between ordinary and magnetic electricity. In the 
magnet we have a power at rest, and m the electrical 
machine or galvanic battery, a power in motioiu 
Ordinary electricity is stopped in its passage by a plate 
of glass, of resin, and many oth6r substances ; but mag- 
netism passes these with freedom, and influences mag- 
netic bodies placed on the other side. It would appear, 
though we cannot explain how, that magnetism is due 
to some lateral influ^ice of the electiic currents. A 
magnetic bar is placed over a copp^ wire, and it hangs 
steadily in the direction of its length ; an electric current 
iM passed along it, and the magnet is at once driven to 
place itself across the wire. Upon this eaqperiment, in 
the main. Ampere founds his tiiec^ of tarrestrial mag- 
netism. He supposes electrical currents to be travers- 
ing our globe from east to west, and thus, that the 
needle takes its direction, not from the tenesfanalacticHi 
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of any fixed magnetic poles, but from the repulsion of 
these currents, as is the case with the wire. 

It has been found that wires, freely suspended, along 
which currents were passing in opposite directions, 
revolve about each other, or have an inclination to 
place themselves at right angles ; thus exhibiting the 
same phenomenon as the magnet and the conducting 
wire. So far the hypothesis of Ampere leads us most 
satisfactorily. We see in the magnet one form of 
electricity, and in the machine or battery another. But 
why should not the electricity of the magnet, electricity 
at rest, exhibit the same powers as this force in 
motion? 

Oersted, whose theory led him to the discovery of the 
fiact of the magnetic power of an electric current, of the 
estabUshment indeed of the new science — ^Electro- 
Magnetism, regards the phenomenaof a current passing 
a wire, and its action on a needle, as evidence of two 
fluids, positive and negative, traversing in opposite 
directions, and mutually attracting and repelling. He 
conceives that they pass the wires in a series of spirals ; 
that in the magnet, by some peculiar property of the 
iron, this conflict of the currents is reduced to an equili- 
brium, and its power becomes manifested in its attractive 
force.* This does not, however, convey a clear idea to 
the mind. 

It is curious that iron becomes magnetic in a superior 
degree to any other metal ; that steel retains perma- 
nently any magnetism imparted to it; but that soft 
iron rapidly loses its magnetic power. This must be in 
virtue of some peculiar arrangement of the molecules, 
or someimknown physical condition of the atoms of the 
mass, by which a continued influence is retained by the 
steel, probably in a state of constant internal circulation. 

♦ ExpSrience Eleetro-MagnStique . par M. (Ersted. — Ann ales 
de Chimie, vol. xxii. p. :i01. De la Eive, Recherches sur la Distri- 
bution de V Electricity dyn. dans les Corps. — Geneve, 18:25. 
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It htiSy however, been shown that soft iron, under 
certain circumstances, may be made to retain a large 
tunonnt of magnetic force.* 

If a horse-shoe shaped bar of sofk iron is rendered 
magnetie by the circuMion of an electric current around 
it, while its two ends are united by an armature of soft 
iron, so that it is capable of supporting many hundred 
pounds weight ; and we then, by breaking the circuit, 
stop the ciurent, taking care the armature is kept in 
contact, the iron will not lose its magnetic property, 
but will retain this power for many years. If the con- 
necting piece of iron, the armature, is removed, the bar 
immecBately loses all its magnetism, and will not support 
even the armature itself. This fact appears to confirm 
the idea that magnetism is due to the retention of 
electricity, and that steel possesses the property of 
equaHsdng the opposing forces, or of binding this 
pfrinci{de to itself like an atmosphere. 

The influence of heat on magnetism is so remarkable 
ft proof of the dependence of this power upon molecular 
arrangement, that it must not ' escape our notice. To 
select but one of many experiments by Mr. Barlow, it 
was found that in a bar of malleable iron, in which, 
when cold, the magnetie effect was + SOP Q!, all polarity 
ceased at a white heat, that it was scarcely appreciable 
at a red heat, but that at a blood-red heat it was equal 
to -h 41° O'.t 

The more closely we examine the peculiarities of the 
magnetic power, and particularly as thqr are presented 
to us in its terrestrial action, the more surprising will 
its influence appear to be. We have discovered a 

* On the Magnetic power of Soft Iron : by Mr. Watkins.— 
Philosophical Transactions, 1833. 

t CaTallo, On Magnetism. — Cavallo was the first who noticed 
the influence of heat on Magnetism. Consult On the anomalous 
Magnetic Action qf Hot Iron between the white and blood-red heat : 
by Peter Barlow, Esq. — ^Philosophical Transactions, 1822, p. 124. 
J)reati8e on Magnetum : by Barlow. — Encyclopaedia Metropolitana 

B 
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natural cause which certainly exercises a very remark- 
able power over matter^ and we have advanced so far in 
our investigations as to have learnt the secret of convert- 
ing one form of force into another, or of giving to a 
principle, produced by one agency, a new character 
under new conditions; of cluuQging, in fact, electricity 
into magnetism, and from magnetism again evolving 
many of the eflfects of electrical currents. 

If a magnetic bar is freely suspended above the 
earth, it tjJtes, in virtue of some terrestrial power, a 
given direction, which is an indication of the earth's 
magnetic force. Whether this is the consequence of 
the currents of electricity, which Ampere supposes to 
circulate around the globe, from east to west, or the 
result of points of attraction in the earth itself, the 
phenomenon is equally wonderful. To whatever cause 
we may refer the visible effects, it appears certain that 
this earth is composed of particles in a magnetic state, 
the character varying with physical conditions, and that 
terrestrial magnetic force is the collective action of all 
the atoms of this planetary mass.* 

♦ * " The foundation of our researches is the assumption that the 
terrestrial magnetic force is the collective action of all the magne- 
tised particles of the earth's mass. We represent to ourselves mag- 
netisation as the separation of the magnetic fluids. Admitting 
the representation, the mode of action of the fluids (repulsion of 
similar, and attraction of dissimilar, particles inversely as the 
square of the distance) belongs to the niunher of established 
truths. No alteration in the results would be caused by changing 
this mode of representation for that of Ampere, whereby, instead 
of magnetic fluids, magnetism is held to consist in constant gal- 
vanic currents in the minutest particles of bodies. Nor would it 
occasion a difference if the terrestrial magnetism were ascribed to 
a mixed origin, as proceeding partly from the separation of the 
magnetic fluids in the earth, and partly from galvanic currents, 
in the same; inasmuch as it is known that for each gi^lvanic 
current may be substituted such a given distribution of the mag- 
netic fluids in a surface bounded by the current, as would exercise 
in each point of external space precisely the same magnetic action 
as would be produced by the galvanic current itseEt" — Qeneral 
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The remarkable connexion which has been observed 
between the changes in the physical condition of the 
surface of the sun and terrestrial phenomena^ must not 
escape our notice. Sir William Herschel thought he 
perceived a link connecting the dark spots on the sun's 
face with the variationfi of the earth's temperature. 
This has not, howeyer, been confirmed by the observa- 
tions which have been made since the time of Herschel. 
The careful examinations of the solar spots which have 
been made by Schwabe,* prove a well-defined order of 
progress in them. He has discovered that they move in 
cycles of ten years — ^firom the smallest number visible in 
a given year, they regularly increase for five years, 
, when they reach their maximum; they then as regularly 
decrease, and at the end of another five years they are 
at their maximum number. The magnetic observation!^ 
which have been carried on by the British and othet 
governments for some years, over every part of the 
world, have elicited the fact that the order of variation 
in the earth's magnetic intensity is in cycles of ten 
years, and the law of increase and decrease which is found 
to prevail with the solar spots distinctly marks the varia- 
tions of terrestrial magnetism. Few more interesting 
facts than this are within the range of our knowledge, 
proving as it does the direct dependence of terrestrial 
phenomena on solar force. 

The constancy with which a magnetised needle points 
along a certain fine which varies a Uttle firom the earth's 
axial line, renders it one of the most important instru- 
ments to the practical and the scientific man. The 
wanderer of the ocean or of the desert is enabled, 
without fear of error, to pmrsue his path, and in un- 
known regions to determine the azimuth of objects. 

Theory of Terrestrial Magnetism^ by Professor Carl Friedrich 
•Gauss, of the University of Gottingen. — Scientific Memoirs* 
vol. ii. p. 188. 
* Humboldt's Co^mo^.-* Ott6*8 translation. 
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The miner or the surveyor finds in the magnetic com-^ 
pass the surest guide in his labours^ and the experiment 
is for ever studying its indications. 

" True as the needle to the pole,** 

has passed into a proverb among mankind, but the 
searching inquiry of modem observers has shown that 
the expression is correct only with certain limitations. 
There are two lines on the surface of the earth along 
which the needle points true north, or where the mag- 
netic and the geographical north correspond. These 
are called lines of no variation, or, as they have also 
been designated, agonic linesy and one is found in the 
eastern and the other in the western hemisphere. The . 
American line is singularly regular, passing in a south- 
east direction from the latitude 60° to the west of Hud- 
son's Bay, across the American lakes, till it reaches the 
South Atlantic ocean, and cuts the meridian of Green- 
wich in about 65° south latitude. The Asiatic Kne of 
no variation is very irregular, owing, without doubt, to 
local interferences ; it begins below New Holland, in 
latitude 60° south, it bends westward across the Indian 
ocean, and from Bombay has an inflection eastward 
through China, and then northward across the sea of 
Japan, tiQ it reaches the latitude of 71° north, when it 
descends again southward, with an immense semicircular 
bend, which terminates in the White Sea. 

Hansteen has thought that there are two points in 
each hemisphere which may be regarded as stronger 
and weaker poles on opposite sides of the poles of revo- 
lution. These are called the magnetic poles of the 
earth, or by Hansteen magnetic points of convergence. 
These four points are considered to have a regular 
motion roimd the globe, the two northern ones from 
west to east, and the two southern ones from east to 
west. By the assistance of recorded observations,. 
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Hansteen has calculated the periods of these revolutions 
to be as follows :-— 

The weakest north pole in 860 years. 
The strongest north pole in 1746 years. 
The weakest south pole in 1304 years. 
The strongest south pole in 4609 years. 

There are some points of speculation on which 
Hansteen has ventured which have been smiled at as 
fancifiil ; but they may rather indicate an amount of 
knowledge in the Brahminical and Egyptian priesthood, 
beyond what we are usually disposed to allow them, and 
prove that their observations of nature had led them to 
an appreciation of some of the most remarkable harmo- 
nies of this mysterious creation. 

The above terms are exceedingly near 864, 1246, 
1728, 4820, and those numbers are equal to the mystic 
number of the Indians, Greeks, and Egyptians, 432 
multiplied by 2, 3, 4, and 10. On these the ancients 
believed a certain combination of natural events to 
depend, and, according to Brahminical mythology, the 
duration of the world is divided into four periods, each 
of 432,000 years. Again, the sun^s mean distance &om 
the earth ii^ 216 radii of the sun, and the moon^s mean 
distance 216 radii of the moon, each the half of 432. 
Proceeding with this very curious examination, Han- 
steen says, 60 multipKed by 482 equals 15,920, the 
^smallest number divisible at once by all the four periods 

magnetic revolution, and hence the shortest time in 
which the four poles can complete a cycle, and return to 
their present state, and tofdeh coincides exactly with the 
period in which the precession of the equinoxes will 
amount to a complete circle, reckoning the precession at 
a. degree in seventy-two years.* 

I Hansteen : Untarsuckungen iiber den Mmgnetitmas der Erde^ 
<]lhristiana, 1819. Humholdt : Exposi des Variations Magnetiques,'-^ 
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When we consider the phenomena of terrestrial mag- 
netism carefully, it appears to indicate the action of a 
power external to the earth itself, and, as Hansteen 
conceives, having its origin from the action of the sun, 
heating, illuminating, and producing a magnetic tension, 
in the same maimer as it produces electrical excitation 
and actino-chemical action. 

The movements of these magnetic poles have been 
the subject of extensive and most accurate observation 
in every quarter of the globe. In London, during 
1657-1662, there was no magnetic variation; the agonic 
line passing through it. The variation steadily increased, 
until, in 1815, it amoimted to 24° 15' 17", since which 
time it has been slowly diminishing. In addition to 
this great variation, we have a regular annual change 
dependent on the position of the sun, in reference to the 
equinoctial and solstitial points, which was discovered 
by Cassini, and investigated by Arago and others. 
Also a diurnal variation, which movement appears to 
commence early in the morning, moving eastward imtil 
half-past seven, a.m., when it begins to move westward 
imtil two, P.M., when it again returns to the east, and in 
the course of the night reaches the point from which it 
started twenty-four hours before. 

We have also remarkable variations in what i& 
termed the dip of the needle. It is well known that a 
piece of unmagnetized steel, if carefully suspended by its 
centre, will swing in a perfectly horizontal position^ but^, 
if we magnetize this bar, it will immediately be drawn 
downwards at one end. The force of the earth's 
polarity, attracting the dissimilar pole, has caused it to 
dip. 

There is, in the neighbourhood of the earth's equator, 
and cutting it at four points, an irregular curve, called 
the magnetic equator, or aclinic line, where the needle 

Gilbert's Annales Brewster's Mpgnetism : Encyclopedia Mctro- 
politana. 
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balances itself horizontally. As we proceed from this 
line towards either pole the dip increases^ until^ at the 
north and south poles, the needle takes a vertical 
position. The intensity of the earth^s magnetism is 
also found to vary with the position, and to increase in 
a proportion which corresponds very closely with the 
dip. But the intensity is not a function of the dip, 
and the lines of equal intensity, isodynamic lines, are not 
parallel to those of equal dip. We have abeady re- 
marked on the diurnal variation of . the declination of 
the needle ; we know, also, that there exists a regular 
monthly and daily change in the magnetic intensity. 
The greatest monthly change appears when the earth is 
in its perihelion and aphehon, in the months of Decem- 
ber and Jime, — a maximum then occurs; and about 
the time of the equinoxes a minimum is detected.* 

The daily variation of intensity is greatest in the 
summer, and least in the winter. The magnetism is 
generally found to be at a minimum when the sun is 
near the meridian ; its intensity increasing until about 
six o^clock, when it again diminishes.f 

What striking evidences all these well-ascertained 
facts give of the dependence of terrestrial magnetism on 
solar influence ! and in further confirmation of this 
niew, we find a very remarkable coincidence between 
the lines of equal temperature — ^the isothermal lines, 
and those of equal dip and magnetic intensity. 

Sir David Brewster first pointed out that there were 
in the northern hemisphere two poles of maximum 
cold ; these poles agree with the magnetic points of 
convergence; and the line of maximum heat, which 
does not run parallel to the earth's equator, is nearly 
coincident with that of magnetic power. Since See- 

* Hansteen ; as above. 

f On the effects of temperature on the intensity of magnetic forces ^ 
and on the diurnal variations of the terrestrial magnetic intensity ; 
by Samuel Hunter Christie, Esq. — ^Philosophical Transactions, 
vol. cxv. 1825. 
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beck has shown us that electrical and magneto-electri- 
cal phenomena can be produced by the action of heat 
upon metallic bars, we have, perhaps, approached 
towards some faint appreciation of the manner in which 
the solar calorific radiations may, acting on thesurfiice 
of our planet, produce electrical and magnetic efiects. 
If we suppose that the sun produces a disturbance of 
the earth's electricity along any given line, in all direc- 
tions at right angles to that line, we shall have mag- 
netic polarity induced.* That such a disturbance is 
r^ularly produced every time the sun rises, has been 
sufficiently proved by many observers. 

In 1750, Wargentin noticed that a very remarkable 
display of Aurora borealis was the cause of a peculiar 
disturbance of the magnetic needle ; and Dr. Daltonf 
was the first to show that the luminous rays of the 
Aurora are always parallel to the dipping-needle, and 
that the Auroral arches cross the magnetic meridian at 
right angles. Hansteen and Arago have attended with 
particular care to these influences of the northern lights, 
and the results of their observations are :— 

That as the crown of the Aurora quits the usual 
place, the dipping-needle moves several degrees for- 
ward: — 

That the part of the sky where all the beams of the 
Aurora unite, is that to which a magnetic needle 
directs itself, when suspended by its centre of gravity: — 

That the concentric circles, which show themselves 
previously to the luminous beams, rest upon two points 
of the horizon equally distant from the magnetic meri- 

* It has been observed by Mr. Barlow, in England, and some 
eminent observers in Austria, that an electric current constantly 
^traverses the wires of the electric telegraph wherever there are two 
earth connections. 

t Meteoroloffical Observations and Essays : by Dr. Dalton. On 
the Height ef the Awrwra Borealis above the surface of the Earth: 
by John Dalton, F.B.S,— Philosophical Transactions, voL cxiv, 
p. 291. 
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dian ; and that the most elevated points of each arch 
are exactly in this meridian.* 

It does not appear that every Aurora disturbs the 
magnetic needle ; as Captains Foster and Back both 
describe very splendid displays of the phenomenon^ which 
did not appear to produce any tremor or deviation upon 
their instruments.f 

Some sudden and violent movements have been from 
time to time observed to take place in suspended 
magnets; and since the establishment of magnetic 
observatories in almost every part of the globe, a very 
remarkable coincidence in the time of these agitations 
has been detected. They are frequently connected with 
the appearance of Aurora borealis; but this is not con- 
stantly the case. These disturbances have been called 
magnetic storms ; and over the Asiatic and European 
continent^ the islands of the Atlantic and the western 
hemisphere, they have been proved to be simultaneous. 

Prom observations made at Petersburg by Kupffer, 
and deductions drawn fi*om the observations obtained by 
the Magnetic Association, it appears probable that these 

* Arago : Annales de Chimie, vol. xxxix. p. 369. On the vari- 
nhU Intensity of Terrestrial Magnetism and the Influence of the 
Aurora BoreaUs upon it; by Robert Were Fox. — Philosophical 
Transactions, 1831, p. 199. 

f ** Brilliant and active coruscations of the Aurora Borealis,** 
says Captain Back, " when seen through a hazy atmosphere, and 
exhibiting the prismatic colours, almost invaiiably affected the 
needle. On the contrary, a very bright Aurora, though attended 
by motion, and even tinged with a dullish red and a yellow in a 
clear blue sky, seldom produced any sensible change, beyond, at 
the most, a tremulous motion. A dense haze or fog, in conjunc- 
tion with an active Aurora, seemed uniformly favourable to the 
disturbance of the needle, and a low temperature was favourable 
to brilliant and active coruscations. On no occasion during two 
winters was any sound heard to accompany the motions. The 
Aurora was frequently seen at twilight, and as often to the east- 
ward as to the westward; clouds, also, were often perceived in 
the day-time, in form and disposition very much resembling the 
Aurora."— '^orra^tre of the Arctic Land Expedition. 
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storms arise from a sudden displacement in the magnetic 
lines of the eartVs surface ; but the cause to which this 
may be due is still to be sought for. 

In the brief and hasty sketch which has been given 
of the phenomena of terrestrial magnetism^ enough has 
been stated to show the vast importance of this very 
remarkable power in the great operations of nature. We 
are gradually reducing the immense mass of recorded 
observations, and arriving at certain laws which are 
found to prevail. Still, the origin of the force, whether 
it is strictly electrical, whether it is the circulation of a 
magnetic fluid, or whether it is merely a peculiar excita- 
tion of some property of matter, are questions which are 
open for investigation. 

In the beautiful Aurora borealis, with its trembling 
diflFusive lights, and its many-coloured rays, we have 
what may be regarded as a natural exhibition of magne- 
tism, and we appear to have within oiu* grasp the ex- 
planation we desire. But we know not the secret of 
even these extraordinary meteorological displays. If we 
pass an electric spark from a machine through a long 
cylinder, exhausted of air as far as possible, we have a 
mimic representation of the Northern Lights — the same 
attenuation of brightness, almost dwindling into phos- 
phorescence ; and by the slightest change of tempera- 
ture we may produce that play of colours which is 
sometimes so remarkably manifested in Aurora. Dr. 
Dalton considered Aurora boreaUs as a magnetic pheno- 
menon, and that its beams are governed by the earth! s 
magnetism. We know that the arc of light produced 
between the poles of a powerful galvanic battery is 
readily deflected by a good magnet ; and we have lately 
learned that every vapour obeys the magnetic force.* 
It is, therefore, yet a question for our consideration, 
does the earth^s magnetism produce the peculiar pheno- 

* Faraday : On the Diamagnetic character of Flame and Gases. 
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mena of Aiirora by acting upon electricity in a state of 
glow ? or have we evidence in this display of the circu- 
lation of the magnetic fluid around our globe, manifest- 
ing itself by its action on the ferruginous and other 
metallic matter, which Fusinieri has proved to exist in 
the upper regions of our atmosphere.* That magnetic 
radiations do exist, has been proved by Faraday, and 
that tliey form lines of force perpendicular to the earth^s 
surface, has been experimentally shown. Parallelograms 
of wire moved upon a central axis, and connected with 
a galvanometer, give at every revolution indication of an 
electric disturbance in all respects analogous to the 
production of a current by moving wires in front of a 
steel magnet. 

The alteration in the properties of heat, when it 
passes from the radiant state into combination with 
matter, exhibits to us something like what we may sup- 
pose occiu's in the conversion of magnetism into electri- 
city or the contrary. We have a subtile agent, which 
evidently is for ever busy in producing the necessary 
conditions of change in this our earth : an element to 
which is due the development of many of the most active 
powers of nature; performing its part by blending with 
those principles which we have already examined; 
associating itself with every form of matter ; and giving^ 
as we shaQ presently see, in all probability, the first 
impulses to combination, and regulating the forms of 
aggregating particles. 

* ** The Aurora Borealis is certainly in some measure a mag- 
netical phenomenon ; and if iron were the only substance capable 
of exhibiting magnetic effects, it would follow that some fer- 
ruginous particles must exist in the upper regions of the atmos* 
phere. The li^ht usually attending this magnetical meteor may 
possibly be derived from electricity, which may be the immediate 
cause of a change in the distribution of the magnetic fluid, con- 
tained in the ferruginous vapours which are imagined to float in 
the air." — Lecture on Magnetism^: Young's Lectures on Natural 
Philosophy, p. 533. 
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As electricity has the power of altering the physical 
conditions of the more adherent states of matter^ thus 
giving rise to variations of form and modes of combina^ 
tion^ so gross matt^ appeazs to alter the character of 
lMs agency, and thus disposes it to the several modifica- 
tions under which we have already detected its presence. 
We have mechanical electricity and diemical electricity, 
each performing its great work in nature; yet both 
manifesting conditions so dissimilar, that tedious re- 
search was necessary forfore they could be declared 
identicid. Magn^c electricity is a third &rm ; all its 
characteristics are unlike the others, and the office it 
appears to perform in the laboratory of creation is of a 
different order from that of the other states of electrical 
force. In the first two we have decomposing and re- 
combining powers constantly manifested — ^in fact, their 
influences are always of a dbemical dbaracter; but in 
the last it appears we have only a directive power. It 
was thought that evidence had been directed of a 
doiemical. influence in magnetism; it did appear that 
sometimes a retardiog force was exerted, aud often an 
. acoderating one. This has been again denied, and we 
have array^ in opposition to each other some of the . 
first names among European experimentalists. The 
question is not yet to be regarded as settled ; but, from 
long and tedious investigation, during which every old 
experiment has be^i repeated, and numerous new ones 
tried, we incline to the conclusion that diemical action 
is not directly affected by magnetic power. It is highly 
probable that magnetism may, by altering the structural 
arrangement of the surface, vary the rate of diemical 
action; but this requires confirmation.* 

There is no substance to be found in nature existing 
independently of magnetic power. But it influences 

* On the supposed influence of Magnetism and Chemical Actum-, 

hy Robert Hunt. — Phflosophical Magazine, voL xxxii. No. 215, 
3819. 
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bodies in different ways : one set acting with relation to 
magnetism^ like iron^ and arranging themselyes along 
the line of magnetic force, — ^these are called magnetic 
bodies ; another set, of which bismuth may be taken as 
the representative, always placing themselves at right 
angles to this line, — ^these are called diamagnetie 
bodies.* This is strikingly shown by means of powerful 
electro-magnets; but the magnetism of the earth is 
sufficient, under proper care, to exhibit the phenomena. 
Every substance in nature is in one or other of these 
conditions. The rocks, forming the crust of the earthy 
and the minerals which are discovered in them ; the 
surface soil, which is by nature prepared as the fitting 
habitation of the vegetable world, and every tree, shrub, 
and herb which finds root therein, with their carbona- 
ceous matter, in aU its states of wood, leaf, flower, and 
fruit; the animal kingdom, from the lowest monad 

* Those bodies which are attracted by a magnet, as iron is, are 
called magnetic bodies. Those which are, on the contrary, repelled 
by the same power, are termed diamagnetie bodies. On these Dr. 
Faraday remarks: — "Of the substances which compose the crust 
of the earth, by far the greater portion belong to the diamagnetie 
class ; and though ferruginous and other magnetic matters, being 
more energetic m their action, are more striking in their pheno- 
mena, we should be hasty in assuming that, therefore, they over 
rule entirely the effect of the former bodies. As regards the ocean, 
lakes, rivers, and the atmosphere, they will exert their peculiar 
e£fect almost uninfluenced by any magnetic matter in them, and 
as respects the rocks and mountains, tiieir diamagnetie ifafiuence 
is perhaps greater than might be anticipated. I mentioned that 
by adjusting water and a salt of iron together, I obtained a solution 
inactive in air ; that is, by a due association of the forces of a body, 
frdm each class, water and a salt of iron, the magnetic force of the 
latter was entirely counteracted by the diamagnetie force of the 
former, and the mixture was neither attracted nor repelled. To 
produce this effect, it required that more than 48*6 grams of crys* 
tallised protosulphate of iron should be added to ten cubic incbes 
of water (for these proportions gave a solution which would 8«t 
equatorially), a quantity so large, that I was greatly astonished on 
observing the power of the water to overcome it. It is not, there- 
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through the entire series up to man, — ^have^ all of them, 
distinct magnetic or diamagnetic relations. 

"It is a curious sight/' says Dr. Faraday, "to see a 
piece of wood or of beef, or an apple, or a bottle of water 
repelled by a magnet, or, taking the leaf of a tree, and 
hanging it up between the poles, to observe it take an 
equatorial position. Whether any similar effects occur 
in. nature among the myriads of forms which, upon all 
parts of its surface, are surrounded by air, and are sub- 
ject to the action of lines of magnetic force, is a ques- 
tion which can only be answerSl by future observa^ 
tion.''* 

At present, the bodies which are known to exhibit 
decided ferro-magnetic properties are the following, 
which stand arranged in the order of their intensity : — 

Iron, Nickel, Cobalt, Manganese, 
Chromium, Cerium, Titanium, 
Palladium, Platinum, Osmium. 

It is interesting to know that there are evidences 
that two bodies which, when separate, are not magnetic, 
as iron is, become so when combiaed. Copper and 
zinc are both of the diamagnetic class, but many kinds 
of brass are discovered to be magnetic. 

The salts of the above metals are, to a greater or less 
extent, ferro-magnetic, but they may be rendered neutral 
by water, which is a diamagnetic body, being repelled 
by the magnet. It will be unnecessary, here, to enume- 
rate the class of bodies which are diamagnetic ; indeed, 
all not included in the preceding list may be considered 
as belonging to that class, with the exception of gases 

fore, at all unlikely that many of the masses which form the crust 
of this our globe, may have an excess of diamagnetic power, and 
act accordingly."— 0» new magnetic actions, and on the magnetic 
roncb'/uift qf ail matter; by Michael Faraday, D.C.L., F.R.S., &c. 
— Philosophical Transactions, Jan. 1846, yoI. cxxxvii. p. 41. 
* Ibid; 
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and vapours, which appear to exist, relatively to each 
other, sometimes in the one, and sometimes in the other 
condition.* 

To endeavour to reduce our knowledge of these facts 
to some practical explanation, we must bear in mind 
that particular spaces around the north and south geo- 
graphical poles of the earth, are regarded as circles to 
which all the magnetic lines of force converge. Under 
circumstances which should prevent any interference 
with what is called ferro-magnetic action, all bodies 
coming under that class would arrange themselves ac- 
cording to the laws which would regulate the dispo- 
sition of an infinite number of magnets, free to move 
within the sphere of each other^s influence. The north 
and south pole of one magnetic body would attach itself 
to the south and north pole of another, until we had a 
line of magnets of any extent ; the two ends being in 
opposite states, like the magnetic points of convergence 
of the earth. 

Every body, not ferro-magnetic, places itself across 
such a line of magnetic force as we have conceived ; and 
if the earth were made up of separate layers of ferro- 
magnetic and diamagnetic bodies, the result would be 
the formation of bands at right angles to each other. 
This is not the case, by reason of the intermingling of 
the two classes of substances. Out of the known che- 
mical elements we find only about ten which are actively 
ferro-magnetic ; the others combining with these give 
rise to either a weaker state, a neutral condition, or the 
balance of action is turned to the diamagnetic side. 
Sulphate of iron, for instance, is a magnetic salt ; but 



'^ On the Diamagnetic conditions of Flame and Ga^ex, by Michael 
Faraday, F.R.S. ; and On the motions presented bif Flame whem 
under Electro-Magnetic Influence, by Professor Zandeteschi.— 
Philosophical Magazine, 1847, pp. 401—421. 
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in solution^ water being diamagnetic^ it loses its^ 
property. The yellow prussiate of potash dissolved 
in water is a diamagnetic body ; but the red 
prussiate^ which contains an atom less of potassium^ 
is magnetic: but in the soUd state they are both 
diamagnetic* 

From this it would appear that the chemical compo* 
sition of a body regulated its relation to magnetism. 
The following facts wiQ show, however, that the mole* 
cular structure is more particularly concerned in de- 
termining the molecular condition of substances. 

M. Pliicker, being desirous of finding the extent to- 
which the direction of the fibres in organic bodies might 
influence their magnetic or diamagnetic properties, was^ 
led to inquire whether in crystals the direction of the 
optic axes, which itself depends upon the arrangement 
of the particles, might not also exercise some influence. 
The first submitted lio the action of the electro-magnet 
a thin plate of tourmaUne, such as is employed in experi^ 
ments upon polarization, having its optic axis parallel to 
its longest length. It was very quickly perceived that 
the plate was magnetic, by the effect of the iron that it 
contains; but it was suspended successively in three 
ways, — ^first, so that its longest side was vertical, then as^ 
that the shortest side was vertical, and finally so that 
the plate itself was horizontal. In the first case it is 
directed between the two points of the conical curvatures^ 
of the poles like a magnetic body ; but, in the other 
two cases, on the cc^ntrary, it took the direction assimied 
by diamagnetic bodies — that is to say, a direction such 
that its longest length was perpendicular to the line 
joining the poles. This direction indicated that the 
optical axis was repelled by the two poles, and that this 

* On Diamagnetism ; by Professor Pliicker, of Bonn.— Philo 
sophical Magazine, July, 1848. 
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repulsion outweighed the magnetic properties of the 
crystal.* 

The relation of structure to physical phenomena of 
essentially different characters is remarkable. Savart^ 
when making crystalline plates of quartz and carbonate 
of lime vibrate, succeeded in determining a relation 
between the acoustic figures that are produced in them, 
and the particular mode of the crystallization of the 
substance. He found that the direction of the optical 
axis is constantly connected with that of the principal 
forms of the acoustic figures. 

Mitscherlich has remarked that crystals do not expand 
uniformly by heat, but that this dilatation is greater in 
one direction than in another ; and that this difference 
is connected with their crystalline form. M. de Senar- 
mont has shown that cbnductibility for heat, which is 
equal in all directions for the crystals of the regular 
system, acquires in others a maximum or a minimum 
value, according to directions parallel to the crystallo- 
graphic axes ; so that the isothermic surfaces, which are 
spheres in the former case, are, in the other, ellipsoids 
elongated or flattened in the same direction. The optical 
axes do not altc^ther coincide with the principal axes 
of conductibility for heat ; but this appears to be due 
merely to slight differences in the rate of progression^ 
or the refrangibility of the luminous and calorific rays. 

Wiedmann, by employing a fijie point through which 
he made electricity arrive upon a surface that he had 
powdered with licopodium or red lead, succeeded in de- 
termining, by means of the form assumed by this light 
powder, the conductibility of crystals in different di- 
rections. 

On a surface of glass, the powder which disperses 
itself around the points, in consequence of electric re- 

* For a detailed account of the experiments of Faraday, Plucker, 
Becquerel, Tyndale, and Knoblancb, see De La Bive's Treatise on- 
Electricity in Theory and Practice, 

s 



268 MOLBCULAB AKRANGEMSNT. 

pidsion^ forms a drcular figure tray^raed by ladii. 
When a plate of gypsum is used instead of glass the 
figure is fotrnd to be elliptical, and the great axis of the 
ellipse forms a right angle witii the prindpal crystallo- 
graphic axis^ which proves that the electricity dishibutea 
itself more easUy in a direction perpendicular to the axia 
than in any other. M. Wiedmann comes to the con- 
elusion that crystals which possess abetter conductibility 
in the direction of the principal axis, all belong to the 
class of negative crystals : while those which have a 
better conductibility in the direction perpendicular ta 
the axis are positive, which indicates that the direction 
of best conductibility for electricity is also that according 
to which light is propagated relatively with greater 
velocity. 

Tyndale has shown, that if gutta percha which ha& 
been rendered fibrous in manufacture is cut so that the 
fibres are in the direction of this greatest length, or in 
a direction perpendicular to this greatest length, and 
placed under the influence of a magnet, they direct 
themselves equatorially. Ivory cut in the same direc- 
tion manifests the same conditions, though both these 
substances are diamagnetic. 

The fibrous structure, and the planes of cleavage, thus, 
determine the magnetic condition of a substance. The 
special properties presented by crystals, in r^ard to 
the action exercised upon them by magnets, is due to 
a particular mode of grouping their particles. This is 
also the cause of unequal dilatability, and of imequal 
conductibility for heat and for electricity. 

How curiously, therefore, does molecular structure 
determine the relation of a body to any of the forms of 
phjrsical force ! 

We still search in the dark, and see but dimly the 
evidences ; yet it becomes almost a certainty to us, that 
this stone of granite, with its curious arrangement of 
felspar, mica, and quartz, presents its peculiar condition 
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in viitae o^ some law <tf magnetic force. He crystal^ 
too, of qnaris, which we break out of the mass, nasA 
which presents to us a beautifully regular figure, is, be- 
ycmd a doubt, so formed, because the atoms of riUea are 
each one impelled in ob^ence to one of these two con- 
ditions of mi^etism to set tiiemselyes ina certnn (xrder 
to each othrar, which cannot be altered by human force 
. wkhoat destruction. 

All the laws which regulate the forms of crystals and 
amorphous bodies are, to the greatest degree, simple. 
In nature the end is ever attauied by Ihe easiest means ; 
and the complexity of operation, which appears some- 
times to the observer, is only so because he cannot see 
the spring by which the machine is moved. 

The gaseous envelope, our atmosphere, is in a neutral 
state. Oxygen is strikingly magnetic in relation to 
hydrogen gas, whilst nitrogen is as singularly the con- 
trary ; and ihe same contrasts present themselves when 
these gases are examined in their relation to common 
air. Thus, oxygen beiug magnetic, and nitrogen the 
contrary, we have an equilibrium establiriied, imd the 
result is a compound n^itral in its relations to all 
matta*. All gases and vapours are found to be dia- 
magnetic, but in different d^rees.^ This is shown by 
passing a stream of the gas, rendered visible by a little 
smoke, within the influence of a powerful magnet. 

* A few examples taken from Dr. Faraday's paper will show 
this : — 

Nitrogen being aeted on was manifesdj diamagnetic in relation 
to common air when both were of the same temperature. Oxygen 
appears to be magnetic in common air. Hydrogen proved to be 
clearly and even strongly diamagnetic. Its diamagnetic state shows, 
in a striking point of view, that gases, like solids^ have peculiar 
and distinctive degrees of diamagnetic force. Ourbonic acid gas 
is diamagnetic in air. Carbonic oxide was carefully freed from 
carbonic acid before it was used, and it appears to be more dia- 
magnetic than carbonic acid. Nitrous oxide was moderately, but 
clearly, diamagnetic in air. Olefiant gas was diamagnetic. The 
coal gas of London is very well diamagnetic, and gives exceedingly 
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These bodies axe, however^ found relatively to> each 
other,— or even to themselves, tinder different thermic 
conditions,— to change their states, and pass from the 
magnetic to the diamagnetic class. Heat has a very 
remarkable influence in altering these relations; and 
atmospheric air at one temperature is magnetic to the 
same fluid at another: thus, by thermic variations, 
attraction or repulsion may be alternately maintained. 
By this it must be understood that a stream of air, at a 
temperature elevated but a few degrees above that of an 
atmosphere of the same kind into which it is passing, is 
deflected in one way by a magnet ; whereas, if the 
stream is colder than the bulk tlurough which it flows, 
it is bent in another way by the same forcq.. In 
this respect magnetism and diamagnetism show equally 
the. influence of another physical force, heat; and 
we may safely refer many meteorological phenomena 
to sinnlar alterations of condition in the atmosphere, 
relative to the magnetic relations of the aerial cur- 
rents. 

That magnetism has a directive power is satisfactorily 
shown by the formation of crystals in the neighbourhood 
of the poles of powerM magnets. The common iron 
salt, ^ the proto-sulphate, ordmarily crystallizes so that 
the crystals imite by their faces ; but when crystallizing 
under magnetic influence, they have a tendency to 
arrange themselves with regard to each other so that 
the acute angle of one crystal unites with one of the 
&ces of another crystal, near to, but never actually at, 
its obtuse angle. In addition to this, if a magnet of 
sufficient power is employed, the crystals arrange them- 
selves in magnetic curves from one pole to the other, a 
larger crop of crystals being always formed at the north 

good and distinct results. Sulphurous acid gas is diamagnetic 
in air. Muriatic acid gas was decidedly diamagnetic in air.— 
Oft the Diamagnetic Conditions qf Flame and Gases : Philosophical 
Magazine, 1847, p. 409. 
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than at the south pole. Here we have evidence of aih 
actual turning round of the crystal, in obedience to the 
directive force of the magnet ; and we have the curious 
circumstance of a diflference in some way, which is not 
clearly explained, between the two opposite poles. If, 
instead of an iron or a ferro-magnetic salt, we employ 
one which belongs to the other, or diamagnetic, class^ 
we have a curious diflference in the result. If into a 
glass dish, fixed on the poles of a strong electro-magnet, 
we pour a quantity of a solution of nitrate of silver, arid 
place in the fluid, over the poles of the magnet, two 
globules of mercury (an arrangement by which that 
arborescent crystallization, called the Arbor Diana, is 
produced,) we have the long needle-shaped crystals of 
silver, arranging themselves in curves which would cut 
the ordinary magnetic lines at right angles.* 

In the first example given we have an exhibition of 
magnetic force, while in the last we have a striking 
display of the diamagnetic power. 

The large majority of natural formations appear to 
group themselves under the class of diamagnetics* 
These bodies are thought to possess poles of mutual 
repulsion among themselves, and which are equally 
repelled by the magnetic points of convergence. Con- 
fining our ideas to single particles in one condition or 
the other, we shall, to a certain extent, comprehend the 
manifold results which must arise from the exercise iof 
these two modes of force. At present, our knowledge 
of the laws of magnetism is too limited to allow of our 
making any general deductions relative to the dispo- 
sition of the molecules of matter ; and the amount of 
observation which has been given to the great natural 
arrangements, is too confined to enable us to infer more 

* For illustratioD of ibis I must refer to my own Memoir, Re- 
searches on the Iiiflaence of Magnetism and VoUak Electricity en 
Crystallization, and other Conditions of matter, in the Memoirs of 
the Geological Survey of Ghreat Britain, &c., vol. i. 
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than that it is probable many of the structnral con- 
ditions of oiir phmet are due to polariiy. 

Mountain ranges observe a singular uniformity ci 
direction, and the cleavage planes of rock are evidently 
determined by some all-pervading power* Mineral 
bodies are not .distributed in all rocks ii^iscriminately. 
The primary formations hold one class of metalliferoua 
ores, and the more recent ones another. This is not 
to be regarded as in any way connected with their 
respective ages, but with some peculiar condition c^ 
the stone itself. The granite and slate rocks, at their 
junctions, present the required conditions for the de- 
posit of copper ore, while we find the limestones have 
the characteristic physical state for accomidating lead 
ore. Again, on examining any mineral vein, it will be 
at once apparent that every particle of ore, and every crys- 
tal of quartz or limestone, is disposed in a direction which 
indicates the exercise of some powerful directive agency.* 

It appears, from all the results hitherto obtaioed, that 
the magnetic and diamagnetic condition of bodies is 
equally due to some pecidiar property of matter in re- 
lation to the other forms of electricity. We have not 
yet arrived at the connecting link, but it does not appear 
to be far distant. 

We have already referred to the statement made by 
talented experimentalists, that magnetism has a powerful 
influence in either retarding or accelerating chemical 
combination. Beyond a doubt chemical action weak^is 
the power of a magnet ; but the disturbance which it 
occasions in soft iron, on the contrary, appears to tend 
to its receiving magnetism more readily, and retaining 
it more permanently. Further investigations are, how- 

* In a work published by Mr. Evan Hopkins, entitled On the 
ConnexioH of Geology with Terrestrial Maguetiem, will be found 
many valuable practical observations, made in this country and 
the gold and silver districts of America ; bnt the views taken by 
the author are open to many objections. 
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•ever, required, before we can decide satisfactorily either 
of these problems, both of which bear very strongly 
upon the subject we have just been considering. 

We have seen that heat and electricity act strangely on 
magnetic force, and that this statical power reacts upon 
them : and thus the question naturally arises. Do light 
and magnetism in any way act upon each other? 

Moridtdni and Carpi on the continent, and Mrs« 
Somerville in England, have stated that small bars ol 
steel can be rendered magnetic by exposing them to 
the influence of the violet rays of light. These results 
have been denied by others, but again repeated and 
apparently confirmed. In aU probability, tixe rays to 
wluch the needles were exposed, being those in which 
the maxiinum actinic power is found, produced an 
actual chemical change; and then, if the position were 
fEivourahle, it is quite evident that magnetism would be 
imparted. Indeed we have found l^is to be the case 
wh^i the needles, exposed to solar radiations, were placed 
in the direction of the dip. The supposed magnetization 
of light by Faraday has already been mentioned. If 
the mfluence in one case is determined, it will render 
ihe other more probable.''^ 

"In seeking for a cause,^* writes Sir David Brewster, 
'' which is capable of inducing magnetism on the ferru^ 
^ginous matter of our globe, whether we place it within 
the earth, or in its atmosphere, we are limited to the 
SUN, to which all the magnetic phenomena have a dis* 
tinct reference; but, whether it acts by its heat, or l^ 
its light, or by specific rays, or influences of a magnetic 
nature, must be left to future inquiry.^^f 

* See a notice bv Faraday of Morichini's Expenments in 
Relations qf Light to Magnetic jhwvtf-^Pbilosophioal l^ansaotions, 
vol. cxxxvii. p. 15. See also Mr. Ofaristie On Maonette Injtuence 
^ the Solar Kays — Philosophical Transactions, vol. cvii. p. 219 ; 
vol. cxix. p. 379. 

t Sir David Brewster On Magnetism; republished from the 
Encyclopffidia Britannica. 
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We have learnt that magnetism is not limited to ferru- 
ginous matter ; we know that the ancient doctrine of 
the universaliiy of the property is true. Kircher, in 
his strange work on Magnetism^ published in the early 
part of the seventeenth century* — ^a cuiious exemplifi- 
cation of the most unwearying industry and careful 
experiment, combined with the influences of the credulity 
wA superstitions of his age — attributes to this power 
nearly all the cosmical phenomena with which, in his 
time, men were acquainted. He curiously anticipates 
the use of the supposed virtue of magnetic traction 
in the curative art ; and as the titles of his con- 
eluding chapters sufficiently show, he was a firm be- 
liever in animal magnetism.f But it is not with 
any reference to these that we refer to the work of 
Athanasii Kircheri, Sodetatis Jesu, Magnes, sive de 
Magnetivd Arte^ but to show that two hundred years 
since, man was near a great truth; but the time of its 
development being not yet come, it was allowed to sleep 
for more than two centuries, and the shadow of night 

* The whole of the title of Kircher's book will convey some idea 
of the subjects embraced: — Athanasii Kircheri Societatis Jesu 
Magnes, sive de Arte Magnetica; opus tripartitum, quo Universa 
Magnetis Natura ejusque in omnibus Soientiis et Artibus usus 
nova methodo explicatur: ac prsBterea e viribus et prodigiosis 
effectibus Magneticarum aliarumque abditanim N&tiursB Modonum 
in Elementis, Lapidibus, Plautis, Animalibus elucescentium : 
multa hucusque incognita NatursB Arcana, per Fhysica, Medica, 
Ghymica, et Mathematicaomnis generis Experimentarecluduntur 
Ed^tio Tertia : ab ipso Authore recognita emendataque, ac multis 
novorum Experimentorum Problematibus aucta. Komse, 1654. 

f The following are the titles of the concluding chapters of 
Kircher's book : — De magneiismo soUs et luna in maria, De mag- 
netted vi pUmtaruM. De insitionis magneticis miracvlis. De mag- 
netiemo vtrgula aurifera sen divinatoria. Deplantis heliotropiis 
eorumque magneiismo, De magnetismo rerum medicinaiium. De vi 
attractive potentim imaginativa, De magnetismo musi&B, De 
magnetisms amoris. 
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had covered it. In speaking of the vegetable world, 
and the remarkable processes by which the leaf, the 
flower, and the fruit are produced, this sage brings for- 
ward the fact of the diamagnetic character of the plant, 
which has been, within the last two years, re-discovered; 
and he refers the motions of the Sun-flower, the closing 
of the Convolvulus, and the directions of the spiral, 
formed by twining plants, to this particular influence. 

This does not appear as a mere speculation, a random 
guess, but is the result of deductions from experiment 
and observation. Kircher doubtless leaped over a wide 
space to come to his conclusion ; but the result is valu- 
able in a twofold sense. In the first it shows us that, 
by neglecting a fact which is suggestive, we probably 
lose a truth of great general application ; and secondly, 
it proves to us, that by stepping beyond the point to 
which inductive logic leads, and venturing on the wide 
sea of hypothesis, we are liable to sacrifice the true to 
the false, and thus to hinder the progress of human 
knowledge. 

Magnetism, in one or other of its forms, is now proved 
to be universal, and to its power we are disposed to refer 
the structural conditions of all material bodies, both 
organic and inorganic. This view has scarcely yet been 
recognised by philc^phers ; but as we fijid a certain 
law of polarily prevailmg through every atom of created 
matter, in whatever state it may be presented to our 
senses, it is evident that every particle must have a polar 
and directing influence npon the mass, and every co- 
herent mass becomes thus only a larger and more 
powerful representative of the magnetic unit. Thus we 
see the speculation of Hansteen, that the sun is, to us, 
a magnetic centre, and that it is equally influenced by 
the remoter suns of the universe,* is supported by 
legitimate deductions from experiment. 

* " For these reasons it appears most natural to seek tbeir 
origin in the sun, the source ot ^1 living activity, and our con- 



266 POLAR CONDITION OF HATTSB, 

The great difficulty is not, however, got^ rid of by 
this speoilatioii; the cause by which the earth^s mag- 
netism is induct is only removed further off. 

jectnre chains probability from the preeeding runarka on the 
daily oscillatioQa of the needle. Upon this principle the sun 
may be conceived as possessing one or more ma^edo axes, 
which, by distributing the force, occasion a magnetic difference 
in the earth, in the moon, and all those planets whose 
internal structure admits of such a difference. Yet, allowing 
all this, tlie main difBlculty seems not to be overcome, but 
merely removed from the eyes to a greater distance ; for the 
question may still be asked, with equal justice, whence did 
tne sun acquire its magnetic force? And if from the sun we 
have recourse to a central sun, and from that again to a general 
magnetic direction throughout the universe, having the Milky 
Way for its equator, we but lengthen an unrestricted chain, 
«Tery link of which hangs on tiie preceding link, no one of 
them on a point of support AH things considered, the follow- 
ing mode of representing the subject appears to me most 
plausible. If a smgle globe were left to move alone freely in tiie 
immensity of qaaoe, the opposite forces existing in its material 
istructure would soon arrive at an equilibrium conformable to their 
nature, if they were not so at first, and all activity would soon 
eome to an end. But if we imagine another globe to be introduced, 
a mutual relation will arise between the two ; and one of its 
results will be a reciprocal tendency to unite, which is designated 
and sometimes thought to be explained by the merely desciiptive 
word Attraction, Now would this tendency be the only conse- 
quence of this relation ? Is it not more likely that the^iundamental 
forces, being drawn from their state of indifference or rest, 
would exhibit their energy in all possible directions, giving rise to 
all kinds of contrary action ? The electric force is excited, not by 
friction alone, but also by contact, and probably also, though in 
ismaller degrees, by the mutual action of two bodies at a distance ; 
for oontaet is nottung but the smallest possible distance, and that» 
moreover, only for a few small particles. Is it not conceivable 
that magnetic force may likewise originate in a similar manner ? 
When the natural philosopher and Uie mathematician pay regard 
to no other efibct of the reciprocal relation between two bodies at 
a distanee, except the tendency to unite, they proceed logically, if 
their investigations require nothing more than a moving power; 
but should it be maintained that no other energy can be developed 
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The idea of a magnetic fluid is scarcely tenable ; and 
the £»m2ginous nature of the Aurora borealis receiYes 
no proof from any investigation; indeed^ we have pro- 
cured evidence to show that iron is not at all necessary for 
the production of magnetic phenomena. The leaf of a 
tree^ a flower^ fruity a piece of animal muscle, glass^ paper^ 
and a variety of similar substances, have the power of 
repeUing the bar of iron which we call a magnet, and 
of placing it at right angles to the direction of the force 
exerted by them. This is a point which must be con- 
stantly borne in mind when we now consider the 
mysteries of magnetic phenomena. 

Any two masses of matter act upon each other 
according to this law, and although by the power of 
cohesion the force may be brought to an equilibrium, or 
to its zero point, it is never lost, and may be readily and 
rapidly manifested by any of the means employed for 
electrical exdtaticHi. 

Reasoning by analogy, the question fairly su^ests 
itself: If two systems of inoi^anic atomic constitution 
are thus invested with a power of influencing each other 
through a distance, why may not two more highly 
developed organic systems equally, or to a greater ex- 
tent, produce an influence in like maimer ? Upon suck 
reasoning as this is founded the phenomenon known as 
Animal Magnetism. There is no denying the fact that 
one mass of blood, muscle, nerves, and bone, must^ 
magnetically, influence another similar mass. This is, 
however, something totally different from that abnormal 
condition which is produced through some peculiar and, 
as yet, unexplained physiok^cal influences. 

With the mysterious operations of vital action, the 
forces which we have been considering have nothing 

between two such bodies, the assertion will need proof, and the 
proof win be hard to find.** — ^The above is a translation from 
Hansteen's work On Magnetism, 
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whatever in common. The powers which are employed 
in the arrangements of matter are^ notwithstan^g then: 
subtile character, of far too gross a nature to influence 
the psycholc^cal mysteries which present themselves to 
the observant mind. It cannot be denied that, by 
placing a person of even moderate nervous sensibility 
in a constrained position, and under an unnatural 
influence of the mind, as acquired by the disciples of 
Mesmer, a torpor affecting only certain senses is pro- 
duced. The recc^nised and undoubted phenomena are 
in the highest degree curious — but in these the marvels 
of charlatanry and ignorance are not included; — and 
the explanation must be sought for by the physiologist 
among those hidden principles upon which depends all 
human sensation.* 

Man, like a magician, stands upon a promontory, and 
surveying the great ocean of the physical forces which 
involve the material creation, and produce that infinite 
variety of phenomena which is unceasingly exhibited 
around him, he extends the wand of intelligence, and 
bids the "spirits of the vasty deep" obey his evocation. 

The phenomena recur — ^the great processes of creation 
go on — the external manifestations of omnipotent 
power proceed — effects are again and again produced ; 
but the current of force passes undulating onwards ; — 
and to the proud bidding of the evocator there is no 
reply but the echo of his own vain voice, which is lost at 
last in the vast immensity of the unlmown which lies 
beyond him. 

We see how powerfully the physical forces, in their 
various modes of action, stir and animate this planetary 
mass j and amongst these the influence of magnetism 



* See article Animal Magnetism, Encyclopaedia Britannica, and 
Mr. Braid's papers On Hypnotism, published in the "Medical 
Times." 
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appears as a great directing agent^ though its origin is 
lu^own to us. 

That power which, like a potent spirit, guides 
The sea-wide wanderers over distcuit tides, 
Inspiring confidence where'er they roam, 
By indicating still the pathway home ; — 
Through nature, quicken'd by the solar team, 
Inyests each atom with a force supreme, 
Directs the cavern'd crystal in its oirth. 
And frames the mightiest mountains of the earth ; 
Each leaf and flower by its strong law restrains, 
And binds the monarch Man within Its mystic chains. 
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CHAPTER XI. 

CHSMICAL FORCES. 

Natufe*s Chemistrjr — Changjes prodnced by Chemical Combina- 
tion—Atomic Constitution of Bodies — Laws of Combination 
— Combining Equivalents — Elective Affinity — Chemical 
Decomposition — Compound Character of Chemical Phe- 
nomena—Catalysis or action of Presence— Transformation 
of Organic Bodies — Organic Chemistry — Constancy of 
Combining Proportions— The Law of Volumes, the Law of 
Substitutions, Isomeric States, &c. 

All tilings on the earth are the result of chemical com- 
bination. The operations by which the commingling of 
molecules and the interchange of atoms take place, we 
can imitate in our laboratories; but in nature they 
proceed by slow degrees, and, in general, in our hands^ 
they are distinguished by suddenness of action. Tu 
nature chemical power is distributed over a long period 
of time, and the process of change is scarcely to be 
observed. By art we concentrate chemical force, and 
expend it in producing a change which occupies but a 
few hours at most. Many of the more striking pheno- 
mena of nature are still mysterious to us, and principally 
because we do not, or cannot, take the element time 
into calculation. The geologist is compelled to do this 
to explain the progress of the formation of the crust of 
the earth, but the chemist rarely regards the effects of 
time in any of his operations. The chemical change 
which witlan the fissure of the rock is slowly and 
silently at work, displacing one element or molecule^ 
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and replacing it by another^ is in all probalnlity the 
operation of a truly geological period, l^waj, however,, 
of the changes which are constantly going on around us, 
are of a much mOTe rapid character, and in these nature 
is no slower in manipidating than the chemiist. 

Had it been that the elem^its which are now found 
in combination could exist in a iree state, the most 
disastrous consequences would necessarily ensue. There 
must haye been a period when many of the combinationB. 
known to us were not yet created. Their elements 
either existed in other forms, or were uncombii^ed. 
Our rocks are compounds of oxygen with certain pecu- 
liar metals which ludte with oxygen so rapidly that 
incandescence is produced by their combination. Let us 
suppose that any of these metals existed in purity, and 
that they were suddenly brought into contact with 
water, the atmospheric air, or any body containing 
oxygen, the result would be a convulsion of the most 
feai^ kind ; the entire mass of metal would glow with 
intensity of heat, and the impetuosity of the action would 
only be subdued when the whole of the metal had 
become oxidized. Volcanic action has been referred ta 
some such cause as this, but there is not sufficient 
evidence to support the hypothesis ; indeed, it is con- 
trary to the opinion of most philosc^hers.* Such a. 
condition may possibly have existed at one time, during 
that period when darkness was upon the face of the 
deep, when the earth was a chaos ; but it is only adduced 
here as an example of the violent nature of some 
chemical changes. Potassium thrown on water bursts^ 
into flame, and sodium does so under certain conditions. 
If these, or the metals proper in a state of fine division,, 
are brought into an atmosphere of chlorine, the intensity 

* All the phenomena connected with volcanic action, and the 
theories connected therewith, will he found in Dr. Daubeny's 
work, A description of active and extinct Volcanoei, of EarthquakeSy. 
and of Thermal Springs. 1848. 
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of chemical action is so great that they become incan- 
descent, many of them glowing with extreme brilliancy. 
If hydr(^n gas is mixed with this element (chlorine) 
they unite, under the influence of light, with explosive 
violence, giving rise to a compound, muriatic acid, which 
combines with water in an almost equally energetic 
manner. Nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears nearly inert ; with hydrogen 
it forms the pungent compound, ammonia ; with carbon, 
the poisonous one, cyanogen, the base of prussic add ; 
with chlorine it gives rise to a fluid, oily in its appearance, 
but which, when merely touched by an unctuous body, 
explodes more violently than any other known com- 
pound, shivering whatever vessel it may be contained in, 
to atoms ; with iodine it is only slightly less violent ; 
and in certain combinations with silver, mercury, gold, 
or platinum, it produces fdlminating compounds of the 
most dangerous character.* Here we have elements 
harmless when uncombined, exhibiting the most de- 
structive effects if their combinations are at all disturbed ; 
and in the other case we have inert masses produced 
from active and injurious agents. 

We regard a certain number of substances as e/6- 
mentary ; that is to say, not being able, in the present 
state of our knowledge, to reduce them to any more 
simple condition, they are considered as the elements 
which by combination produce the variety of sub- 
stances found in the three kingdoms of nature. 

We have already spoken of the atomic constitution of 
bodies. It remains now to explain the simplicity and 
beauty which mark every variety of combination under 
chemical force. As a prominent and striking example, 
water is a compound of two gaseous bodies, oxygen and 
hydrogen : — 

If we decompose water by means of galvanic elec- 

* Graham's Elements of Chemistry. New Edition. 



COMBINING SQViYALJENTS. 278 

trieity, or determiue its compositiou by direct chemical 
imsHjm, we diall find it consists of two volumes of hydros 
gen gas, united to one volume of oxygen, or, by weight, of 
one part of hydrogen combined with eight of oxygen. 
In 100 parts, therefore, we should find— 

Oxygen 88-9 

HycGogen . . . . 110 

It is found in the same way that the theoretical weight 
of the atom of carbon is 6, and that of nitrogen 14 : 
whilst the atom of iron is 28, that of silver 108, of gold 
199, and that of platinum and iridium each 98.* Now, 
as these axe the relative weights of the ultimate in^ 
divisible atom, it follows that all combinations must be 
either atom to atom, or one to two, three, or four; but 
that in no case should combination take place in any 
other than a multiple proportion of the equivalent or 
atomic number. This is found to be the case. Oxy» 
^en, for instance, combines as one, two, or three 
atoms ; its combination presenting some multiple of its 
univalent number 8, as 16, or 24 : and in like manner 
the combining quantilyof carbon is 6, or some multiple 
of that number. Where this law is not found strictly 
to agree with analytical results, of which some ex- 
amples are afforded by the sesquioxides, it may be 
attributed, without doubt, to some error of analysLs or 
in the method of calculation. 

Nothing can be more perfect than the manner in 
which natore regulates the order of combination. We 
have no uncertain arrangement; but, however great the 
number of the atoms of pne element may be, over those 
of another, those only combine which are required, 
according to this great natural law, to form the com* 
pound, all the others still remaining &ee and unconu 

* Graham's Blewmtf qfChmiitry ; and Braiade's Manual. 

T 
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bined. These results certaiiily appear to proye that the 
elementary particles of matter are not of the same 
specific gravities. Do they not also indicate that any 
alteration in the specific gravity of the atom would give 
rise to a new series of compounds^ thus apparently pro- 
dudng a new element? Surely there is nothing 
irrational in the idea that the indluences of heat or 
electricity, or of other powers of which as yet we know 
nothing, may be sufficient to effect such changes in the 
atomic constituents of this earth. 

The combination of elementary atoms takes place 
under the influence of an unknown force which we are 
compelled to express by a figurative term, affinity. 
In some cases it would appear that the disposition of 
two bodies to imite, is determined by the electrical con- 
dition ; but a closer examination of the question than 
it is possible to enter into in this place, clearly shows 
that some physical state, not electrical, influences com-^ 
bining power. 

Chemical affinity or attraction is the peculiar dispo* 
sition which one body has to unite with another. To 
give some instances in illustration. Water and spirit 
combine most readily : they have a strong affinity for 
each other. Water and oil repel each other : they have 
no affinity ; they will not enter into combination. If 
carbonate of potash is added to the spirit and water in 
sufficient quantity, the water is entirely separated, and 
the pure spirit will float over the hydrated potash. If 
potash is added to the oil and water, it combines with 
the oil, and, forming soap, they all unite together; but, 
if we now add a Uttle acid to the mixtui'e, the potash 
wiU quit the oil to combine with the acid, and the oil 
will be repelled as before and float on the liquid. This 
has been called single elective affinity. These elections 
were regarded as constant, and chemists drew up tables 
for the purpose of showing the order in which these 
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decompositioiis occur.* Thus^ ammonia^ it was shown^ 
would separate sulphuric acid from magnesia^ lime 
remore it from ammonia^ potash or soda from lime^ and 
barytes from potash or soda. It was thought the 
inverse of this order would not take place, but recent 
researches have shown that the results are modified by 
quantity and some other conditions. 

It often happens that we have a compound action of 
this kind in which double election is indicated. Sul- 
phate of lime and carbonate of ammonia in solution are 
brought together, and there result a carbonate of lime 
and a sulphate of ammonia. Now, in such cases 
nothing more than single elective attraction most 
probably occurs, and the carbonic acid is seized by the 
lime, by the great affinity of that earth for carbonic 
acid, only after it has been set fi*ee from the ammonia, 
and then, by the force of cohesion acting with the com- 
bining powers, the insoluble salt is predpitated.f There 
is a curious fact in connection with this decomposition. 
If carbonate of lime and sulphate of ammonia are mixed 
tc^ether dry, and exposed, in a closed vessel, to a red 
heat, sulphate of lime and carbonate of ammonia are 



* Of these tables ofattracium the following may be taken as a 
specimen :— 

Sulphuric Acid. 
Bnyta. 
Strontia. 
Potassa. 
Soda. 
Lime. 
Magnesia. 
Ammonia* 

It thus appears that baryta separates sulphuric acid from its 
compounds with all inferior suhstances, and that ammonia is 
separated from the acid hy all that are above it. 

f Berthollet : Essai de Statiqw Chimique, 1803. Sir Humphry 
Davy, in his Elements of Chemical Philosophy, has given an ex- 
cellent review of the views of Berthollet. 
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f(»rmed. These opposite effects are not very easily ex- 
plained. The action of heat is to set free the carbonic 
acid ; and it can only be by supposing that considerable 
differences of temperature reverse the laws of aflGmity^ 
that we can at all understand this phenomenon. That 
different effects result at high temperatures from those 
which prevail at low ones^ recent experiments prove to 
ns^ particularly those of Boutigny^ already quoted when 
cmisidering decompositkm by calorific action. 

Under tiie term chemical affinity^ which we regaxd as 
a power acting at insensible distances^ and producing a 
change in bodies^ we are content to allow ourselves to 
believe that we have explained the great operations of 
nature. We find that the vegetable and animal king- 
doms are composed of carbon, hydrogen, oxygen, and 
nitrogen. The granite moimtains of the earth, and its 
limestone hills, and all its other geological formations, 
are found to be metals and oxygen, and carbon and 
sulphur, disposed to settle in harmonious union in their 
proper places by chemical affinity. But what really is 
the power whidi combines atom to atom, and unites 
molecule to molecule? Can we refer the process to 
heat ? The influence of caloric, although by changing 
the form of bodies it sometimes assists combination, is 
to be regarded rather as in antagonism to the power of 
cohesion. Can it be thought that electricity is active in 
producing the result? During every change of state, 
those phenomena which we term electrical are mani- 
fested ; but we thereby only prove the general diffusion 
of the electric principle, and by no means show that 
electricity is the cause of the chemical change. Can 
light determine these change ? It is evident, although 
light may be a disturbing power, that it cannot be the 
effective one; for many of these decompositions and re- 
compositions are constantly going on within the dark 
and silent depths of the earth, to which a sunbeam 
cannot reach. That the excitation cm the sruxface of tibe 
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eartli^ produced by solar influenoe, may modify those 
changes^ is porobable. It is^ however^ certain that we 
must r^ard all manifestatioiis of chemical force as 
dep^adaoLt upon some secret principles common to all 
inatter^ diffiised throughout the universe, but modified 
by the influences of the known imponderable elements, 
and by the mechanical force of aggregative attraction. 

Bodies undergo remarkable changes of form, and 
present very different characters, by reactions, which 
are of several kinds. We suppose that a permanent 
corpuscular arrangement is maintained so long as the 
equilibrium of the molecular forces is undisturbed. 
Water, for instance, remains unchanged so long as the 
balance of alBSnity is kept up between the oxygen and 
hydrogen of which it is composed, or so long as the 
osdUations of force between these combining elements 
are equal; but disturb this force, or set up a new 
vibratOTy action, as by passing an electric current 
through the wato*, or by pres^iting another body, which 
has the power of reading upon one of these corpuscular 
systems, and the water is decomposed, the hydrogen and 
oxygen gases being set free, or one alone is liberated, 
and the other com&ied with the molecules of the agent 
employed, and a new compound produced. This is 
chemistry, by which sdenoe we discover all the com- 
binations of matter. 

Having reason to conclude that stom combines with 
atom, ac^nrding to a system mostharmonioiiisly arranged, 
tiiere can be no difficulty in conceiving that molecule 
unites with mdiecule, in a manner regvJated by some 
equally well-marked law. It was, indeed, a discovery 
by Wenzel, of Friboui^, that, in salts which decompose 
each other, the add which saturates one base will also 
saturate the oth^ base ; and the subsequent observations 
of Richter, of Berlin, who attached proportional num- 
bers to the acids and bases, and who xemarked that the 
neutrality of metallic salts does not change during the 
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{n*eeipitatioii of metals by each other^ which led the way 
to the atomic theory of Dr. Dalton^ to whom entirely 
belongs the observation^ that the equivalent of a com- 
pound body is the sum of the equivalents of its consti- 
tuents^ and the discovery of combination in multiple 
proportions. 

The elements of a molecule can take a new arrange- 
ment amongst themselves, without any alteration in the 
number of the atoms or of their weight, and thus give 
rise to a body of a different form and colour, although 
possessing the same chemical constitution. This is the 
. case with many of the organic compounds of carbon and 
hydrogen. 

The elements of a compound may be disassociated, 
and thus the dissimilar substances of which it is com- 
posed set free. A piece of chalk exposed to heat is, by 
the disturbance of its molecular arrangement, cliai]^ed 
in its nature ; agaseous body, carbonic add, is liberated, 
and quick-lime (oxide of calcium) is left behind. If 
this carbonic acid is passed through red-hot metal tubes, 
or brought in contact with heated potassium, it is re- 
solved into oxygen and charcoal — the oxygen com- 
bining with the metal employed. The oxide of calcium 
(lime), if subjected to the action of a powerful galvanic 
current, is converted into oxygen and a metal, caldimi. 
Thus we learn that chalk is a body consisting of two 
compound molecules, — carbonic add, which is formed 
by the combination of an atom of carbon with two atoms 
of oxygen, — and lime, which results from the union of 
.an atom of calcium with one of oxygen. 

The condition requisite to the production of chemical 
action between bodies is that they should be dissimilar. 
Two elementary atoms are placed within the spheres of 
each other's influences, and a compound molecule 
results. Oxygen and hydrogen form water; oxygen 
and carbon give .rise to carbonic acid; nitrogen and 
hydrogen unite to form ammonia; and chlorine and 
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hydrc^en to produce hydrochloric acid. In all these 
cases an external force is required to bring the atoms 
within the range of mutual affinity : flame, — the electrical 
spark, — actinism, — or the interposition of a third body, 
is necessary in each case. There are other examples in 
which no such influence is required. Potassium and 
oxygen instantly unite: chlorine, iodine, and bromine 
immediately, and with much violence, combine with the 
metals to form chlorides, iodides, or bromides. 

With compound molecules the action is in many 
cases equally active, and combination is readily effected, 
as in the cases of the acids and the oxides of some 
metals, which are all instances of the most common 
chemical attraction. 

An elementary or simple molecule and molecules of a 
compound and different constitution are brought 
tc^ether, and a new compound results from an inter- 
change of their atoms, whilst an element is liberated. 
These are essentially illustrations of analytical che- 
mistry. Sulphuretted hydrogen is mixed with chlorine ; . 
the chlorine combines with the hydrogen, and sulphur 
is set firee. Potassium is put into water, and it com- 
bines with the oxygen of the water, whilst the hydrogen 
is liberated. 

Two compound molecules being brought together 
may decompose each other, and form two new com- 
pounds by an interchange of their elements. 

One element may be substituted for another imder 
certain circumstances. Gk)ld may be replaced by 
mercury ; copper will take the place of silver ; and iron 
will occasion the separation of copper from its solutions, 
the iron itself being dissolved to supply its place; 
chlorine will substitute hydrogen in the carburetted 
hydrogen gases; and many other examples might be 
Educed. 

Chemical phenomena vejy frequently become of a 
complex character; and one, two, or three of these cases 
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may be occurring at Ae tame time in the decompositioii 
of one compoimd by another. Snch are the genenJ 
fisatnres (d chemical science. Many peculiarities and 
remarkable phenomena connected with chemical inresti- 
gations -will be named^ as the examination of the ele- 
mentary composition of matter is proceeded Tfith ; but, 
although the philosophy of chemical action is of the 
highest interest, it must not be allowed to detain na 
with its details, whidi are, indeed, more in accordance 
with a treatise on the science than one which professes 
to do no more than sketch out those prevailing and 
striking features which, whilst they elucidate the great 
truths of nature, are capaUe of bemg employed as smg- 
gestive examples of the tendency of scientific inrestiga- 
tion to enlarge the boundaries of thought, and give a 
greater elevation to the mind, leading us from the 
merely mechanical process of analjrns up to the great 

Snthetipal operations, by which all that is found upon 
e earth for its ornament, or our necessities, is created. 
Among the most remarkable phenomena within the 
range of physical chemistry are those of Catalysis, or, as 
it has also been called, the ^^ Action of presence.^** 
There are a certain number of bodies known to possess 

* On eerittin eombinaticms of a ni»aeid,fonMd of Azote, Sulphur, 
and Oxygen) by J.Pdouze. Translated from Annales de Chimie, vol. 
xvi., for Scientific Memoirs, vol. i. p. 470. Some ideas qf anew 
force acting in the combinations of Organic Compounds, by Berze> 
lius : Annales de Chimie, vol. Ixi. The conclusion come to by 
tills eminent chemist is expressed in the following translation :— 
" This new power, hitherto unknown, is common both in oi^ganic 
and inorffanio nature. 1 do not believe that it is a power which 
is entirely independent of the electro-chemical affinities of the 
substance. I believe, on the contrary, that it is merely a new 
fbrm of it; but so long as we do not see their connection and 
mutual dependence, it will be more convenient to describe it by a 
separate name. I shall, therefore, call it catalytic power : I shall 
also call catalysts, the decomposition of bodies by this force — ia 
the same way as the decomposition of bodies by chemical affinity 
is termed analysis. 
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the power of resolving compounds into new fonns^ 
without undergoing any change themselves. Kirchoff 
discovered that the presence of an add, at a certain 
temperature, converted starch into sugar and gmn, no 
combination with the acid taking place. Thenard found 
that manganese, platinum, gold, and silver, and, indeed, 
almost any solid oi^anic body, had the power of decom- 
posing the binoxide of hydrogen by their presence 
merely, no action being detected on these bodies. 
Edmund Davy foimd that powdered platinum, moistened 
with alcohol, became red-hot, fired the spirit, and con- 
verted it into vinegar, without undergoing, itself, any 
chemical change. Doebereiner next discovered that 
spongy platinum fired a current of hydrogen gas 
directed upon it, which, by combining with the oxygen 
of the air, formed water. Dulong and Thenard traced 
the same property, differing only in degree, through 
iridium, osminm, jmUadium, gold, silver, and ev^i glass. 
Farther investigation has ext^ded the numb^ of 
instances ; and it has even been found that a polished 
plate of platinum has the power of condensing hydrc^en 
and oxygen so forcibly upon its surface, that these gases 
are drawn into combination and Jform water, with a 
development of heat sufficient to ignite the metal. 

This power, whatever it may be, is comimon in both 
organic and inoi^nic nature, and on its important pur- 
poses Benselius has the following remarks : — 

'^This power gives rise to numerous applications in 
organic nature ; thus, it is only aroond the eyes of the 
potato that diastase exists : it is by means of catalytic 
power that diastase, and that starch, which aie insoluble, 
are converted into sugar and into gum, whidi, being 
soluble^ form the sap that rises in the germs of the 
potato. This evident example of the action of catalytic 
power in an oi^anic secretiooa, is not, probably, the only 
one in the animal and vegetable kingdom, md it may 
hereafter be discovered that it is by an action analc^oua 
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to that of catalytic power^ that the secretion of such 
different bodies is produced^ all which are supplied bjr 
the same matter^ the sap in plants^ and the blood in 
animals.^'* 

It is^ without doubt^ to this peculiar agency that we 
must attribute the abnormal actions produced in the 
blood of living animals by the addition of any gaseous 
miasma or putrid matter^ of which we have^ in all pro- 
bability^ a fearfiil example in the progress of Asatic 
cholera; therefore the study of its phenomena becomes 
an important part of public hygiene. 

Physical research has proved to us that all bodies 
have peculiar powers^ by which they condense with 
varying degrees of force gases and vapours upon their 
sur&ces; every body in nature may^ indeed^ be regarded 
as forming its own peculiar atmosphere. To this power, 
in all probability, does catalysis belong. Differ^oit 
views have, however, prevailed on this subject, and Dr. 
Lyon Playfaiif argues that the catalytic force is merely 
a modified form of chemical affinity, exerted under 
peculiar conditions. 

Whatever may be the power producing chemical 
change, it acts in conformity with some fixed laws, and 

* Berzelius: Annales de Chimie, vol. Ixi. 

f On TrantfwrmatUms produced by Catalytic Bodies : by Lyon 
Playfair, Esq.; Phil. Mag., vol. xxxi. p. 191, 1847.— "Facts have 
been brought forward to show that there is at least as much pro- 
bability in the view that the catalytic force is merely a modified 
form of chemical affinity exerted under peculiar conditions, as 
there is in ascribing it to an unknown power, or to the commu- 
nication of an intestine motion to the atoms of a complex mole- 
cule. Numerous cases have been cited, in which the action 
results when the assisting or catalytic body is not in a state of 
change; and attempts have been made to prove, by new experi- 
ments, that the catalytic power exercises its peculiar power by 
acting in the same direction as the body decomposing, or entering 
into imion, but under conditions in which its own affinity cannot 
always be gratified." 
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in all its transmutations^ an obedience to a most bar* 
monious system is apparent. 

It is curious to observe tbe remarkable character 
of many of tbese natural transmutations of matter^ but 
we must content ourselves with a few examples only. 
For instance : — 

Sugar^ oxalic acid^ and citric acid are very unlike 
each other^ yet they are composed of the same elements ; 
the first is used as a general condiment^ the second is a 
destructive poison^ and the third a grateful and healthful 
acid : sugar is readily converted into oxalic acid^ and in 
the process of ripening fruits nature herself converts 
citric acid into sugar. Again^ starchy sugar, and gum 
woidd scarcely be regarded as alike, yet their only cKffe- 
rence is in the mode in which carbon, hydrogen, and 
oxygen combme. They are composed of the same prin- 
ciples, in the following proportions : — 

Carbon. Hydrogen. Ozygeiw 
Starch . . 12 — 10 — 10 

Sugar . 12 — 11 — ll 

Gum . . 12 — 11 — 11 

These isomeric groups certainly indicate some law 
of affinity which science has not yet discovered. 
Similar and even more remarkable instances might be 
adduced of the same elements producing compounds 
very unlike each other; but the above have been 
selected from their well-known characters. Indeed, we 
may state with truth that all the varieties of the vege- 
table world — ^their woody fibre — their acid or alkaline 
juices — ^the various exudatipns of plants — ^their flowers, 
fruit, and seeds, and the numerous products which, by 
art, they are made to yield for the uses of man, are, all 
of them, compounds of these three elements, differing 
only in the proportions in which they are combined 
with nitrogen, or in some peculiar change of state in 
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one or other of the elementary principles. The cli^niigt 
is now enabled by simple processes^ from the refnise of 
manufactories to produce fruit essences which are 
equal in flavour to the natural production ; and from 
b^oic acid^ which is obtained in great abundance fi^om 
the houses in which cows are kept^ the most delicate 
essences are produced^ which are given to the wcnrld as 
the distillations of a thousand flowers. By the impuhe 
given to organic chemistry by Idebig, our knowle(^ of 
the ahnost infinite variety of substances^ in physical 
character exceedingly dissimilar^ which -result from the 
combination of oxygen, hydrogen, and carbon, in varying 
proportions, has been largely increased. And the 
science is now in that state which almost causes a r^ret 
that any new organic compounds should be discovered, 
until some industrious mind has undertaken the task of 
reducing to a good general classification the inuneiqe 
mass of valuable matter which has been accumulated, 
but which, for all practical purposes, remains nearly use- 
less and unintelligible. ' 

These combinations, almost infinitely varied as they 
are, and so readily produced and multiplied as to be 
nearly at the wiU of the organic analyst, are not, any of 
them, accidental : they are the result of certain laws, 
and atom has united with atom in direct obedience to 
principles which have been through all time in active 
operation. They are unknown; the researches of 
science have not yet developed them, and the philosopher 
has not yet made his deductions. They are to be re- 
ferred to some secret fixed principles of action, to a force 
which has impressed upon every atom of the universe its 
distinguishing character. Chemistry makes us familiar 
with a system of order. The researches of analysts 
have proved that every body has a particular law of com- 
bination, to which it is bound by a mathematical pre- 
cision ; but it is not proportional combination alone we 
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have to consider. If aUotrophy is evidenced in the 
mineral world, it is certainly far more strikingly mani- 
fested in the vegetable and animal kingdoms. 

There are some cases in which bodies appear to com- 
bine without any limitation^ as spirit of wine and water, 
sulphuric add and water; but these must be con. 
sidered as conditions of mixture rather than of chemical 
<x)mbinatk)n. 

The composition of bodies is fixed and invariable, 
and a compound substance, so long as it retains its 
oharacteristic properties, must consist of the same 
elements united in the same proportions. Thus, sul- 
phuric acid is invariably composed of 16 parts of sulphur , 
.and 24 parts of oi^ygen. Chalk, whether formed by 
nature or by the chemist, yields 43*71 parts of carbonic 
acid, and 56*29 parts of lime. The rust which forms 
upon tKe surface of iron by the action of the atmosphere, 
is as inyariable in its composition as if it had been 
formed by the most delicate adjustment of weight by 
the most accurate manipulator, being 28 parts of iron 
and 12 parts of oxygen. This law is the basis of all 
chemical inquiry, all analytical investigations depending 
upon the knowledge it affords us, that we can only pro- 
duce certain undeviating compoimds as the results of 
our decompositions. We are not in a position to o&r 
any explanation which will account for these constant 
quantities in combination. The forces of cohesion and 
elasticity have been advanced in explanation, on the 
strength of the fSsu^ that the solubility of a salt in water 
is r^^ted by cohesion, and that of a gas by its 
elasticity. Although it may appear that some cases of 
chemical combination are due to these powers, — as, for 
instance, when the unicm of oxalic aoid or sulphuric 
add with lime produces an insoluble salt, — ^we cannot 
thus exphdn the cgnstant pit^rtions in which the 
metals, sulphur, oxygen, and similar bodies, unite. It 
is quite certain there is a power ost princi^e, which we 
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liave not yet reached^ upon wUch are dependent all tii^ 
phenomena which we now embrace under the teitt 
chemical affinity. 

Another law teaches us that when compound bodies 
combine in more than one proportion^ every additiond 
union represents a multiple of the combining propoifttott 
of the first. With the difficulty which arises frdm tli0 
sub-multiple compounds we cannot deal: — ^further ¥e^ 
search may render their laws less obscure. We hsfie 
seen that 8 parts of oxygen unite with 1 of hydrogM 
and 14 of nitrogen. It also unites with 110 of silter^ 
96 of platinum^ 40 of potassium^ 36 of chlorine^ and 
200 parts of mercury, giving rise to— - 



Water . ... 


... . 9 


Nitrous oxide • 


. 32 


Oxide of silrer 


. 118 


Oxide of platinum . 


. . .104 


Potash . . .. 


... 48 


Oxide of cblorine • 


44 


Oxide of mercury . 


. . .208 



In these proportions, or in multiples of them, and in 
no others, wiU these bodies unite with the acids or other 
compoimds. It will, of course, be understood that any 
other numbers may be adopted, provided they stand in 
the same relation to each other.* 

From the discovery of these harmonious arrangements 
was deduced the beautiful atomic theory to which allu- 
sion has been already made. Indeed, there does not 
appear to be any other way of explaining these phe- 
nomena than by the hypothesis that the ultimate atoms 
of bodies have relatively the weights which we arbi- 
trarily assign to them, as their combining quantities. 
These views are further confirmed by the fact, that 
gaseous bodies unite together by volume in very simple 
definite proportions : — 100 measures of hydrogen and 

"i^ Consult Graham's Chemistry, On Combining Proportions. 
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200 measures of oxygen form water ; 100 measures of 
oxygen and 100 measures of vapour of sulphur form 
sulphurous acid gas. Ammoniacal gas consists of 300 
volimies of hydrogen and 100 volumes of nitrogen^ con- 
densed by combination into 200 volumes ; consequently^ 
we are enabled most readily to calculate the specific 
gravity of ammoniacal gas. The specific gravity of 
nitrogen is 0-9722, that of hydrogen 00694. Now, 
three volimies o& hydrogen are equal to 0*2082 : this 
added to 0*9722 is equal to 1*1804, which is exactly the 
specific gravity obtained by experiment. 

There is no doubt, firom the generality with which 
this law of volumes prevails, that it would be found to 
extend through all substances, provided they could be 
rendered gaseous; in other words, there is abundant 
proof to convince us that throughout nature the process 
of combination^ in the most simple ratio of volumes^ is 
in operation to produce all the forms of matter known 
tons. 

It has been shown, by the investigations of Dr. Dal- 
ton^ in 1840, that salts, contaimng water of crystalli- 
zation, dissolve in water without increasing the bulk of 
the fluid more than is due to the Uque&ction of the 
water which these salts contain ; while Joule and Play- 
fair have shown that the anhydrous salts take up no 
space in solution. From this we are naturally led to 
conclude that the volume occupied by a salt in the solid 
state has a certain relation to the volume of the same 
salt when in solution, and has also a fixed relation to 
the volume occupied by any other salt. The law appears 
to be : — the atomic volume of any salt whatever (an- 
hydrous or hydrated) is a multiple of 11, or of a number 
near 11, or a multiple of 9*8 (the atomic volume of ice), 
or the sum of a miUtiple of 11 or 9*8. Marignac, who 
has also paid much attention to the subject, does not 
think these numbers absolutely correct, but approxi- 
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mately so.* It would be a beautiful exemidificatioii of 
the simplicity of Naturals operations^ if it should bo 
clearly proved that the atomic volume of solid water 
(ice) regulated the combining proportions by volunoe of 
all other bodies, — that it was the standard by whidl 
chemical combination and ordinary solution were 
-determined. 

In addition to the laws already indicated, there iqppear 
to be some others of which, as yet, wcwhave a less 9atia. 
factory knowledge, and, as a remarkable case, we maj 
adduce the phenomena of substitution, or that power 
which ail elementary body, under certain conditions, 
possesses, of turning out one of the elements of a com* 
pound, and of taking its place.f Thus, the hydrogen 

* Memoir on Atomic Volume and Specific Gravity. Messrs. 
Lyon Playfdir and Joule. — ^Philosophical Magazine, vol. xxTii. p. 
453, or Transactions of Chemical Society of London. Observations 
on the above, by Professor de Marignac.— Bibliotheque Univer- 
selle, Feb. 1846. On the Relation of the Volumes ofoodies in ths 
^olid state, to their equivalents, or atomic weights : by Professor 
Otto. Studies on the connection between the atomic weights, 
crystttJUneform, and density of bodies ; by M. Filhol. Translated 
for the Cavendish Society, and published in their Chemical 
Eeports and Memoirs. 

f Comptes Rendus de VAcadhfiie des Sciewes, 1840, No. 
-5. A good translation of Dumas's Memoir appeared in the Philo- 
sophical Magazine, from which I extract the following familiar ex- 
position of the laws of substitution :— >** Let me make a comparison 
drawn from a familiar order of ideas. Let us put ourselves in the 
place of a man overlooking a game at chess without the slightest 
Knowledge of the game. He would soon remark that the pieces 
must be used according to positive rules. In chemistry, the 
equivalents are our pieces, and the law of substitutions <»ie of the 
rules which preside over their moves. And as in the oblique 
move of the pawns one pawn must be substituted for another, so 
in the phenomena of suostitution one element must take the place 
of anotber. But this does not hinder the pawn from advancing 
without taking anything, as the law of substitution does not hinder 
an element from acting on a body without displacing or taking 
the place of any other element that it mi^ contain."*-- Jfemotr on 
the Law qf Substitutions, and Theory of Chemical 1\fpes. 
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of a ocHnpdimd radical^ as carburetted hydrogen^ may be 
replaced by cMoiine^ eqmvaleiit for equivalent, axi4 
form a cUoride of carbon^ wbieb being eonstructed oi^ 
the same type as the original^ will have the same general 
laws of eombinatton. 

Under the influence of these laws^ all the combinatioBS 
which we discoTer in nature take place. The metal% 
and oxygen^ and sulphur^ and phosphorus unite. The 
elanents of the organic type^ entering into the closest 
relations^ giye rise to every form of vegetable life. The 
acids^ the gums^ the resins^ and the sugar which plants 
produce ; and those yet more comphcated animal sub- 
stances^ bone^ muscle^ bloody and bile ; albumen, caseiD, 
milk^ with those compounds which^ imder the influeiioe 
of vital power, resolve themselves iQto substances which 
are essential to the existence, health, and beauty of the 
animal fabric, are all dependent on these laws. But 
these metamorphoises must be further considered in our 
examination of the more striking cases of chemical 
action. The changes which result from organic combir 
nation are so remarkable, and withal they show how 
completely the whole of the material world is in sub- 
jection to chemical force, and every variety of form the 
result of mysterious combination, that some particular 
reference to these metamorphoses is demanded. 

In nearly all cases of decided chemical action, all 
trace of the characters of the combining bodies dis- 
appear. We say decided chemical action, because, 
although sulphuric acid and water combiae, and salts 
dissolve in water, we may always recognize their 
presence, and therefora l^ese and similar cases cannot 
be r^arded as strict examples of the phenomena under 
consideration. 

Hydrogen and oxygen, in combining, lose their gaseous 
forms, and are condensed into a liquid — ^water. Sulr 
phuric acid is intensely sour and corrosive; potash is 
highly caustic; but united they form a salt which is 
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tidther: lliey appear to liave destroyed the distingaiidiiiig 
characters of each other. Combined bodies frequently 
occupy less space than they did previously to oombinaticmj 
of which numerous particular instances might be adduced^ 
Oases in many cases undei^ a remarkable condensation 
when chemically combined. In slaking lime^ the water 
becomes solid in the molecules of the hydrate ci lime 
formed^ and the intense heat produced arises from tht 
liberation of that caloric which had been employed to 
keep the water liquid. When a solid passes into the 
liquid state, cold is produced by the abstraction from 
surrounding objects of the heat required to effect fluidily; 
An alteration of temperature occurs whenever chemioEil 
change takes place, as we have already shown, with a 
few trivial and uncertain exceptions.. The disturbanoe 
caused by the exercise of the force of aflSnity frequently 
leads to the development of several physical powers. 

Changes of colour commonly arise; indeed, th^^e 
does not appear to be any relation between the colour of 
a compound and that of its elements. Iodine is of a 
deep iron-grey colour ; its vapour is violet ; yet it forms 
beautifully white salts with the alkalies, a splendid red 
salt with mercury, and a yellow one with lead. The 
salts of iron vary from white and yellow to green and 
dark brown. Those of copper, a red metal, are of a 
beautiful blue and green colour, and the anhydrous 
sulphate is white. 

Isomorphism, which appears in a very remarkable 
manner among the organic compounds, has, under the 
head of crystaUization, already had our attention. There 
is also a class of bodies which are said to be isomeric; 
that is, to have the same composition, although different 
in their physical characters. But the idea that bodies 
exist, which, although of a decidedly different external 
character, are of exactly the same chemical composition 
and physical condition, is not tenable ; and in nearly all 
the examples which have been carefuUy examined, a 
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diffi^^nce in the aggi*egate number of atoms^ or in the 
mode in which those atoms have respectively arranged 
themselves^ or that peculiar physical difference desig-* 
nated by the term allotropy, has been detected. 

Oil of turpentine and oil of lemons have the same 
composition^ each being composed of five equivalents of 
oarbon and foiu* of hydrc^en. These substances fonti^ 
&c»n the striking difference perceptible in their external 
charact^rs^ a good example of isomerism. 

The laws of organic chemistry are not, however, the 
same as those applying to inorganic combinations. Or- 
ganic chemistry is well defined by Liebig, as the che* 
mistry of compound radicals ; and imder the ii^uence 
of vitality, nature produces compoimds which have all 
the properties of simple elements.* 

When we reflect upon the conditions which prevail 
throughout nature, with a few of which only has science 
made us acquainted, we cannot fail to be struck with 
the various phases of being which are presented to our 
observation, and the harmonious system upon which 
they all appear to depend. 

When we discover that bodies are formed of certain 
determinate atoms, which unite one with another, ac*^ 
c(N:ding to an arithmetical system, to form molecules^ 
which, combining with molecules, observe a similar law^ 
we see at once that all the harmonies of chemical combi-* 
nation — ^the definite proportions, laws of volume, and 
the like — are but the necessary consequences of these 
simple and guiding first principles. In the pursuit of 
truth, investigators must discover still further arrange* 
ments, which, fi-om their perfection, may be compared 
to the melodious interbl^nding of sweet sounds, and 

* Liebig's Chemistry in its application to Agriculture and 
Physiology: translated by Lyon Playfair, Ph. D. Animar 
Chemistryj or Chemistry in its applieatum to Physiology and 
Pathology: by Justus Liebig; translated by Wm. Giegory. 



39^ 'tOMVnftVQ FORCES. 

many of the apparently indeterminate combinations will^ 
b^ond a donbt^ be shown to be as definite as any others. 
But we cannot reflect np6n the fact that these atoms 
and these molecnles are gnided in their oombinations by 
initmlses^ which we can Only explain by reference to 
kiiman passion&(^ as the term elective affinity implies^ 
without feeUng that aa impenetrable mystery of a grand 
and startling character in its manifestations surrotuids 
each grain of dust which is hurried along upon the 
wind. 

We now^ habitually^ speak of attraction and repulsion 
—of the affinity and non-affinity of bodies. We are- 
disposed^ from the discovery of the attractive and re- 
pelling poles of electrified substances^ to regard these- 
ppwers in all cases as depending upon some electrical 
state; and we write learnedly upon the laws of these 
forces. After all; it would be more honest to admit, 
that we know no more of the secret impulses which 
regulate the combinations of miatter^ than did those 
who satisfied themselves by referring all phenomena of 
these kinds to sympathies and antipathies : terms which 
have a poetic meaning, conveying to the mind, with 
considerable distinctness, the fact, and giving the idea 
of a feeling — a passion — ^involving and directing in- 
animate matter, similar to that which stirs the human 
heart, and certainly calculated to convey the impression 
that there is workiag within all things a living principle, 
and pointing, indeed, to ^^the soul of the world/^ The 
animated maxble of ancient story is far less wonderfiil 
than the fact, proved by investigation, that every atom 
of matter is penetrated by a principle which directs its 
movements and orders its positions, and involved by an 
influence which extends, without limits, to all other 
atoms, and which determines their union, or otherwise. 

We have gravitation, drawing all matter to a common 
centre, and acting from all bodies throughout the wdde 
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sregiond of unmeasured space upon all. We have co- 
liesion, holding the particles of matter enchained^ ope- 
rating only at distances too minute for the mathematician 
to measure ; and we have chemical attraction^ different 
:&om either of these^ working no less mysteriously within 
absolutely insensible distances^ and, by the exercise of 
its occult power, giving determinate and fixed forms to 
every kind of material creation. 

The spiritual beings, which the poet of untutored 
nature gave to the forest, to the valley, and to the 
mountain, to the lake, to the river, and to the ocean, 
working within their secret offices, and moulding for 
man the beautiM or the sublime, are but the weak 
<;reations of a finite mind, although they have for us a 
•charm which all men unconsciously obey, even when 
they refuse to confess it. They are like the result rf 
the labours of the statuary, who, in his high dreams ci 
love and sublimated beauty, creates &om the marble 
block a figure of the most exquisite moulding which 
mimics life. It charms us for a season; we gaze and 
gaze again, and its first charms vanish ; it is ever and 
ever stUl the same dead heap of chiselled stone. It has not 
the power of presenting to our wearying eyes the change 
which life alone enables matter to give ; and we admit 
the excellence of the artist, but we cease to feel at his. 
work. The creations of poetry are pleasing, but they 
never affect the mind in the way in whid^ the' poetic 
realities of nature do. The sylph moistening a Uly is 
a sweet dream ; but the thoughts which rise when first 
we learn that its broad and beautiful dark-green leaves, 
and its pure and delicate flower, are the results of the 
alchemy which changes gross particles of matter into 
symmetric forms,— of a power which is imceasingly at 
work under the guidance of light, heat, and electrical 
force, — are, after our incredulity has passed away — ^for 
it is too wonderful for the untutored to believe at once 
— of an exalting character. 
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The flower has grown under the impnke of principles 
which have traversed to it on the solar beam^ and min- 
-gled with its substance. A stone is merely a stone to 
most men. But within the interstices of the stone, and 
involving it like an atmosphere^ are grei^t and mighty 
influences^ powers which are fearful in their grander 
operations, and wonderful in their gentler developments. 
The stone and the flower hold, locked up in their rew 
cesses, the three great known forces — ^light, heat, and 
electricity : and, in all probability, others of a more 
exalted nature still, to winch these powers are but sub- 
ordinate agents. Such are the facts of science, which, 
indeed, are the true ^^ sermons in stones,'^ and the most 
musical of '^ tongues in trees.'' How weak are the crea- 
tions of romance, when viewed beside the discoveries of 
science ! One adBTords matter for meditation, and gives 
rise to thoughts of a most ennobling character ; the other 
excites for a moment, and leaves the mind vacant or dis- 
eased. The former, like the atmosphere, furnishes a 
constant supply of the most healthful matter ; the latter 
gives an imnatural stimulus, which compels a renewal 
of the same kind of excitement, to maintain the conti- 
nuation of its pleasurable sensations. 
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CHAPTEE XII. 

CHEMICAL PHENOMENA* 

Water— Its Constituents — Oxygen — Hydrogen — ^Peroxide of Hy- 
drogen — Physical Property of Water — Ice — Sea Water — 
Chlorine— -Muriatic Acid — Iodine— Bromine— Compounds of 
Hydrogen with Carbon — Combustion — Flame — Safety Lamp. 
—Respiration— Animal Heat — The Atmosphere — Carbonic 
Acid— Influence of Plants on the Air— Chemical Phenomena 
of Vegetation— Compounds of Nitrogen— Mineral Kingdom, 
&c. iso. 

Without attempting anything whicli shall approach 
even to the character of a sketch of chemical science^ 
we may be allowed^ in our search after exalting truths^ 
to select such examples of the results of combination as 
may serve to elucidate any of the facts connected with 
natural phenomena. In doing this^ by associating our 
examination with well-known natural objects or con^ 
ditions^ the interpretation afforded by analysis will be 
more evident, and the operation of the creative forces 
rendered more striking and familiar, particularly if at 
the Isame time we examine such physical conditions 9i» 
are allied in action, and are sufficiently explanatory of 
important features. 

A large portion of this planet is covered by the waters 
of the ocean, of lakes and rivers. Water forms the best 
means of communication between remote parts of the 
earth. It is in every respect of the utmost importance 
to the animal and vegetable kingdom ; and, indeed, it 
is indispensable in all tHe great phenomena of the in- 
organic world. The peculiarities of saltness or freshnesa 
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in water are dependent upon its solvent powers. The 
waters of the ocean are saline from holding dissolved 
various saline compoimds, which are received in part 
from^ and imparted also to^ the marine plants. Verf&cHj 
pure water is without taste : even the pleasant character 
of freshly-drawn spring-water is due to the admixture 
of atmospheric air and carbonic acid. The manner in 
which water absorbs air is evidently due to a peculiar 
physical attractive force, the value of which we do not 
at present clearly perceive or correctly estimate. It is 
chemically composed of two volumes of hydrogen gas — 
the lightest body known, and at the same time a highly 
ilnflammable one — ^united with one volume of oxygen, 
Tfhich excites combustion, and continues that action, — 
producing heat andlight, — ^with great energy. By weight, 
one part of hydrogen is united with eight of oxygen, or 
in 100 parts of water we find 88*9 oxygen, and ll"! of 
hydrogen gas. That two such bodies should unite to 
famish the most refreshing beverage, and indeed the 
only natural drink for man and animals, is one of the 
extraordinary facts of science. Hydrogen will not sup- 
port life — ^we cannot breathe it and live ; and oxygen 
would over-stimulate the organic system, and, producing 
a kind of combustion, give rise to fever in the animal 
frame ; but, united, they form that drink, for a drop of 
which the fevered monarch would yield his diadem, and 
tiie deprivation of which is one of the most horrid cala- 
mities that can be inflicted upon any living thing. Water 
appears as the antagonist principle to fire, and the 
ravages of the latter are quenched by the assuaging 
powers of the former; yet a mixture of oxygen and 
hydrogen gases, in the exact proportion in which they 
form water, explodes with the utmost violence cm the 
contact of flame, and, when judiciously arranged, produces 
the most intense d^ree of heat known ; — such is the 
remarkable difference between a merely mechanical 
mixture and a chemical combination. Beyond this, we- 
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liave already noticed the remarkable £act that water 
deprived of air is explosive at a comparatively low tem- 
peratmre^ less, than 800° ; gunpowder requiring a tem» 
perature of nearly 1000° P. 

If we place in a glohe, oxygen and hydrogen gases^ 
in the exact proportions in which they combine to form 
watar, they remain without change of state. They 
appear to mix intimately; and^ notwithstanding the 
difference in the specific gravities of the two gaises^ the 
lighter one is diffused through the heavier in a curious 
manner, agreeably to a law which has an important 
bearing on the conditions of atmospheric phenomena.* 
The moment, however, that an incandescent body, or 

. * Dr. Priesdey appears to have been the first to observe the 
peculiar property of the difiusion of gases. Dr. Dalton, however, 
lirst drew attention to the important bearing of this fact on natural 
phenomena, "and he published his views on The MiscUnlity of 
Gases in the Manchester Memoirs, vol. v. The following extract 
$x)m his memoir On the Constitutum of the Atmosphere will exhibit 
its bearings: — 

It may be worth while to contrast this view of the constitution 
6f the atmosphere with the only other one, as far as I know, that 
has been entertained. 



According to one view, 
1. The volumes of each gas 
foimd at the surface of the earth 
are proportional to the whole 
weights of the respective atmos- 
pheres. 



Azote ... . 


79 


Oxygen ... 


21 


Aqueous vapour 


1-33 


Carbonic acid . 


1-0 



101-43 
According to one view, 
2. The altitude of each a^ 
miosphere differs from that of 
every other, and the proportions 



According to the other view, 

1. The volume of each gas 
found at the surface of the 
earth, multiplied by its specific 
gravity, is proportional to the 
whole weight of the ifespective 
atmospheres. 

Azote .... 76-6 
Oxygen . ... 234 
Aqueous vayour . 0-83 
: Carbonic acid . . 0'15 

100-88 
According to the other view; 

2. The altitude of each at-' 
mosphere is the same, and the 
proportion of ea;ch in the com* 
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the spark from an electric machine^ is brought into 
contact with the mixed gases^ they ignite^ explode vio- 
lently^ and combine to form water. The discovery of 
the composition of water was thus synthetically made 
by Cavendish— its constitution having been previotely 
theoretically annoimced by Watt.* 

If^ instead of combining oxygen and hydrogen in the 
proportions in which they form water, we compel the 
hyc&ogen to combine with an additional equivalent of 
oxygen, we have a compoimd possessing many properties 
strikingly diflferent from water. This — ^peroxide of hy- 
drogen, as it is called — ^is a colourless liquid, less 
volatile than water, having a metallic taste. It is 
decomposed at a low temperature, and, at the boiling 
point, the oxygen escapes from it with such violence, 
that something like an explosion ensues. All metals, 
except iron, tin, antimony, and tellurium, have a ten- 
dency to decompose this compoimd, and separate it into 
oxygen and water. Some metals are oxidized durii^ 
the decomposition, but gold, silver, platinum, and a few 
others, still retain their metallic state. If either silver, 
lead, mercury, gold, platinum, manganese, or cobalt, in 



pound atmosphere, is the same 
at all elevations. 

3. When two atmospheres 
are mixed, they continue so 
without the heavier manifesting 
any disposition to separate and 
descend from the lighter. 



of each in tlie compound at- 
mosphere gradually vary in the 
ascent. 

8. When two atmospheres 
are mixed, they take their places 
according to their specific gra- 
vity, not in separate strata, hut 
intermixedly. There is, how- 
ever, a separate stratum of the 
specifically lighter atmosphere 
at the summit over the other. 

* The discussion of this question, commenced hy Arago in his 
Eloget was continued hy Lord Brougham in his Lives of Watt and 
Cavendish, and hy Mr. Yemon Harcourt, in his address as Presi- 
dent of the British Association, and more recently in his Letter ta 
Lord Brougham, Watt's Letters on the suhject have been 8ine6 
published under the superintendence ot Mr. Muirhead. 
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their highest states of oxidation^ are put into a tube, 
containing this peroxide of hydbrogen^ its oxygen is 
liberated ynth the rapidity of an explosion^ and so much 
heat is excited that the tube becomes red hot. These 
phenomena, to which we have already referred in 
noticing catalysis, are by no means satisfactorily ex- 
phoned, and the peculiar bleaching property possessed 
by the peroxide of hydrogen sufficiently distinguishes 
it from water. There are few combinations which show 
more strikingly than this the difference arising from 
the chemical union of an additional atom of one element. 
Similar instances are numerous in the range of chemi- 
cal science ; but scarcely any two exhibit such dissimilar 
properties. During the ordinary processes of combus- 
tion, it has been long known that water is formed by 
the combination of tibe hydrogen of the burning body 
with the oxygen of the air. The recent researches of 
Schonbein have shown that a peculiar body^ which has 
been regarded as a peroxide of hydrogen, to which he 
has given the name of Ozone, is produced at the same 
time, and that it is developed in a great many ways, 
particularly during electrical changes of the atmosphere. 
Thus we obtain evidence that this remarkable com- 
pound, which was considered as a chemical curiosity 
merely, is diffused very generally through nature, and 
produced under a great variety of circumstances. 
During the excitation of an electrical machine, or the 
passage of a galvanic current through water by the 
oxidation of phosphorus, and probably in many similar 
processes — ^in particular those ot combustion, and we 
may therefore infer also of respiration — this body is 
formed. From observations which have been made, it 
would appear that, during the night, when the activity 
of plants is not excited by light, they act upon the 
atmosphere in such a way as to produce this ozone ; and 
its presence is said to be indicated by its peculiar odour 
during the early hours of morning. We are not yet 



'SOO OZONE. 

jaoquainted wiih this body suffidently to speculate oa its 
nsea in nature: without doubt^ they are important^ 
perhaps second to those of water only. It is probable^ 
us we have already had occasion to remark^ that ozone 
may be the actiye agent in removing from the atmos- 
phere those organic poisons to wMc^ many £9rm8 of 
pestilence are traceable ; and it is a curious fact^ that a 
low electrical intensity^ and a consequent deficiency of 
atmospheric ozone, marks the prevalence of cholera^ and 
an excess distinguishes the reign of influenza.* 
. . Some interesting researches appear to show the pro- 
bability that ozone is simply oxygen in a state of high 
activity. It has been founds indeed, tiiat perfectly dry 
oxygen, which wiU not bleach vegetable colours in the 
dark, acquires, by exposure to sunshine, the power <^ 
destroying them. Becquerel has proved that this 
ozonous state may be produced in dry oxygen by pass- 
ing a succession of electric sparks through it. Fremy 
passed the electric sparks on the outside of a tube which 
contained perfectly dry oxygen, and it was found to 
have acquired the properties of ozone. In this case, and 
probably in the experiments of Becquerel, the light of 
the spark, rather than the electricity, appears to have 
been the active agent in producing this change. Schon- 
bein himself does not appear disposed to regard ozone 
as being either per-oxide of hydrogen, or an allotro- 
pic oxygen. He leans to his first view of its being an 
entirely new chemical element. The energy of this 
ozone is so great, that it has been found to destroy 
almost instantaneously the Indian-rubber union joints 
of the apparatus in which it is formed.t 

♦ See several papers On Ozone, by Professor Schonbein, in the 
Philosophical Magazine, and in the Beports of the British 
Association. Consult a paper by the Author: Atkenanm^ Sep- 
tember, 1B49. 

f Memoire swr FOgone ; Bale 1849. Poggendorff's ^ftiuiies, 
Ixxvii., p. 692. Ibid.lxxviii. p. 162. 
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Water^ from the consideration of which a digression 
has been indulged in, to consider the curious diaracter 
of CHie of its dements, — water is one of the most 
powerful chemical agents, haying a most extensive 
range of affinities, entering directly into the composition 
of a great many crystalliKable bodies and organic com- 
pounds. In those cases where it is not combined a» 
water, its elements often exist in the proportions in 
which water is formed. Gum, starch, an'd sugar, only 
differ from each other in the proportions in which the 
elements of water are combined with the carbon. 

In saline combinations, and also in many oi^anic 
forms, we must regard the water as condensed to the 
solid fcMnoDL ; that is, to exist as ice. We well know that^ 
by ihe abstraction of heat, this condition is produced ; 
but, in chemical combinations, this change must be the 
result of the mechanical force exerted by the power of 
the agency dijrecting affinity. 

In the case of water passing from a liquid to a solid 
stat^ we have a most beautiful exemplification of the 
perfection of natural operations. Water conducts heat 
downwards but very slowly; a mass of ice will remain 
undissolved but a few inches under water, on the surface 
of which, ether, or any other inflammable body^ is 
burning. K ice (solid water) swam beneath the suriioce, 
the summer sun would scarcely have power to thaw it ; 
and thus our lakes and seas would be gradually con- 
yerted into solid masses at our ordinary winter tem- 
peratures. 

All similar bodies contract equally during the pro- 
cess of cooling, from the highest to the lowest points ta 
which the experiments have been carried. It has been 
thought that if this applied to water, the result would be 
the sudden consolidation of the whole mass. A modi- 
fication of the law has been supposed to take place to 
suit the peculiar circumstances of water. Nature 
never modifies a law for a particular purpose ; we must^ 
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therefore, seek to explain the action of the forinaltion 
of ice, as we know it, by some more rational view. 

Water expands by heat, and contracts by cold j con- 
sequently, the coldest portions of this body occupy the 
lower portions of the fluid; but it must be rememberad 
that these parts are warmed by the earth. Boss, how- 
ever, states that at the depth of- 1,000 fathoms the ^sea 
has a constant temperature of 39°. Water is said to be 
at its point of greatest density at 40° of Fahrenheit's 
thermometer; in cooling further, this fluid appears to 
expand, in the same way as if heated: and, consequently, 
water colder than this point, instead of being heavier^ is 
lighter, and floats on the surface of the warmer fluid* 
It does not seem that any modification of the law is re- 
quired to account for this phenomenon. Water cooled 
to 40P still retains its peculiar corpuscular arrangement ; 
but immediately it passes below that temperature, it 
begins to dispose itself in such a manner that visible 
crystals may form the moment it reaches 32°. Now^ if 
we conceive the particles of water, at 39°, to arrange 
themselves in the manner necessary for the assumptioai 
of the solid form, by the particular grouping of mole* 
cules in an angular instead of a spheroidal shape, it will 
be clear, from what we know of the arrangement of 
crystals of water — ^ice — ^that they must occupy a latter 
space than when the particles are disposed, side by 
side, in minute spheres. Even the escape of air from 
the water in which it is dissolved is sufficient to give an 
apparent lightness to the colder water. This expansicm 
still goes on increasing, from the same cause, during the 
formation of ice, so that the specific gravity of a mass of 
frozen water is less than that of water at any tempera- 
ture below 40°. It must not be forgotten that ice 
always contains a large quantity of air, by which it is 
rendered buoyant. 

Water, at rest, may be cooled many degrees below 
the freezing point without becoming soHd. This is 
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easily effected in- a thin glass flask; but the moment it 
is agitated, it becomes a firm mass. Here we have the 
indication of another cause aiding in producing crystals 
of ice on the surface of water, under the influence of the 
disturbance produced by the wind, which does not ex- 
tend to any depth. 

As oxygen and hydrogen gases enter laj^ely into 
other dbemical compounds besides water, it is impor- 
tant to consider some of the forms of matter into the 
composition of which these elements enter. To examine 
this thoroughly, a complete essay on chemical philoso- 
phy would be -necessary; we must, therefore, be con- 
tent with referring to a few of the more remarkable 
instances* 

The waters of the ocean are ^salt : this arises from 
their holding, in solution chloride of sodium {muriate 
of soekh-^ommon culinary salt) and other saline bodies. 
Water being present, this becomes muriate of soda, — 
that is> a compound of muriatic acid and soda : muriatic 
acid is hydrogen, combined with a most remarkable 
gaseous body, called, from its yellow colour, chlorine; 
and soda, oxygen in union with the metal sodium, — 
therefore, when anhydrous, culinary salt is truly a 
chloride of sodium. Chlorine in some respects re- 
sembles oxygen; it attacks metallic bodies with great 
energy ; and, in many cases, produces the most vivid 
incandescence, during the process of combination. 
It is a powerful bleaching agent, is destructive to 
animal life, and rapidly changes all organic tissues. 
There are two other bodies in many respects so similar 
to chlorine, although one is at the ordinary tem- 
peratures solid, and the other fluid, and which are 
also discovered in sea-water, or in the plants grow- 
ing in it, that it is difficult to consider them other- 
wise than as different forms of the same principle. 
These are iodine and bromine, and they both unite 
with hydrogen to form acids. The part which 
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chlorine performs in nature is a great and im^por^ 
tant one. Combined in muriate of soda^ we may 
trace it in lai^e quantities through the three kingdoioa 
of nature^ and the tmiversal employment of salt as a con** 
4iment indicates the importance to the animal economy 
of the elements composing it. Iodine has been traced 
through the greater number of marine plants^ existing^ 
apparently as an essential element of their constitutioii; 
in some land plants it has also been founds particularly 
in the Armeria maritima^ when this plant grows near 
the sea :* it has been detected in some mineral spingSj 
and in small quantities in the mineral kingdom f com- 
bined as iodide of silyer^ and in the aluminous slate 
of Latoip in Sweden.]; Bromine is found in sea- 
water, all^ough in extremely minute quantities, in a few 
saline springs, and in combination with silver; but we 
haye no evidence to show that its uses are important in 
nature. 

Hydrogen, again, unites with carbon in various pro- 
portions, producing the most dissimilar compounds. 
The air evolved from stagnant water, and the fire-damp 
pf the coal mine, are both carburetted hydrogen ; and 
the gas which we emply so advantageously for illiunina- 
tion^ is the same, holding an additional quantity of 
carbon in suspension. Naphtha^ and a long list of 
organic bodies, are composed of these two chemical 
elements. 

These combinations lead us, naturally, to the con- 
sideration of the great chemical phenomena of combus- 
tion, which involve, indeed, the influences of all the 
pnysical powers. By the application of heat, we pro- 

* Chemical Gazette^ 1849. 

f Iodide of silver has been found at Albarradon, near Maza^U, 
in Mexico. Iodide of mercury, of a fine lemon-yellow colour, has 
been discovered in the sandstone of Casas, Viegas, Mexico. 
Algers ; Phillips' Mineralogy. 

X Genzele's Eeports of the Stockholm Academy. 
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dace an intense action in a body said to be combustible ; 
it bums,— a chemical action of the most energetic 
character is in progress, the elements which constitute 
the combustible body are decomposed, they unite with 
some other elementary principles, and new compounds 
are formed. A body bums — it is entirely dissipated, or 
it leaves a very small quantity of ashes behind uncon- 
sumed, but nothing is lost. Its volatile parts have 
entered into new arrangements, the form of the body is 
changed, but its constituents are still playing . an 
important purpose in creation. 

The ancient notion that fire was an empyreal element, 
and the Stahlian hypothesis of a phlogistic principle on 
which all the effects of combustion depended,* have 
both given way to the philosophy of the unfortunate 
Lavoisier — ^which has, indeed, been modified in our own 
times — ^who showed that combustion is but the develop- 
ment of heat and light under the influence of chemical 
combination. 

Combustion was, at one period, thought to be always 
due to the combination of oxygen with the body bum- 
ing, but research has shown that vivid combustion may 
be produced where there is no oxygen. The oxidizable 
metals bum most energetically in chlorine, and some of 
them in the vapour of iodine and bromine, and many^ 
other imions take place with manifestations of incandes-, 
Cence. Supporters of combustion were, until latdy, 
regarded as bodies distinct from those undergoing com- 
bustion. For example^ hydrogen was regarded as a 



* Stahl, taking up the obscure notions of Becher and Van Hel- 
mont, supposed the phenomena of comhustion to be due to 
phlogiston. He imagined that by combination with phlogiston, a 
body was rendered combustible, and that its disengagement 
occasioned combustion, and after its evolution there remained 
either an acid or an earth : thus sulphur was, by this theory, sup-, 
posed to be composed of phlogistpn and sulphiuic acid, and lead 
of the calx, of lead and 2)hlogi8ton, &o. 

X 
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combustible body, and oxygen as a supporter of com- 
bustion. Such an arrangement is a most illogical one, 
isince we may bum oxygen in an atmosphere of hy- 
drogen, in the same manner as we bum hydrogen in 
one of oxygen ; and so^ in all the othrar cases, the sup- 
porter of combustion may be burnt in an atmosphere 
formed of the, so called, combustible. The ordinary 
phenomena of combustion are, however, due to the 
combination of oxygen with the body burning ; therefore 
every instance of oxidization may be regarded as a con- 
dition of combustion, the difference being only onie of 
degree. 

Common iron, exposed to air and moisture, rusts ; it 
combines with oxygen. Pure iron, in a state of fine 
division, unites with oxygen so eagerly, that it becomes 
incandescent, and in both cases oxide of iron is formed. 
This last instance is certainly a case of combustion ; but 
m what does it differ fix)m the first one, except in the 
intensity of the action ? The cases of spontaneous 
combustion which are continually occurring are ex- 
amples of an analogous character to the above. Qqrgen 
is absorbed, it enters more or less quickly, according to 
atmospheric conditions, into chemical combination ; heat 
is evolved, and eventually, — the action continually 
increasing, — ^true combustion takes place. In this way 
our cotton-ships, storehouses of flax, piles of oiled-cloth, 
saw-dust, See., fi^quently ignite; and to such an 
influence is to be attributed the destruction of two of 
our ships of war, a few years since, in Devonport naval 
arsenal.* 

* Being called upon by the Solicitor for the Admiralty to ex- 
amine into the causes of the fire which destroyed the Imogene 
and TaUnem^ in Devonport Arsenal, I discovered a bin under the 
roofing which covered these ships, in which there had been accu- 
mulating for a long period all the refuse of the wheelwrights* and 
painters' shop ; and it was quite evident that spontaneous com- 
bustion bad taken place in the mass of oiled oakum, sawdust, anti- 
attrition, and old sailcloth, there allowed to accumtdate. 
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, In the eoonomic production of heat and light, we 
liave the combination of hydrogen and carbon with the 
joxjgea of common air, forming water and carbcmic 
acid. In our domestic fires we employ coal, which is 
essentially a compound of carbon and hydrogen contain* 
ing a little oxygen and some nitrogen, with some earthy 
matters which must be regarded as impurities; the 
taper, whether of wax or tallow, is made up of the same 
bodies, differing only in their combining proportionff, 
and, Hke ooal gas, these bum as carburetted hydrc^en. 
All these bodies are v^y inflammable, haviog a tendency 
to combine energetically with oxygen at a certain 
elevation of temperature. 

We are at a loss to know how heat can cause the 
combinatian of those bodies. Sir Humphry Dayy haa 
shown that hydrogen will not bum, nor a mixture of it 
with oxygen explode, unless directly influenced by a 
body heated so as to emii light, '^ May we not, there- 
fore, conclude that the chemical action exhibited in a 
burning body i^ a development of some latent force, 
with which we are unacquainted, produced by the absorp- 
tion of light; — ^that a repulsive action at first takes 
place, by which the hydrogen and carbon are separated 
from each other; — and that in the nascent state they 
are seized by the oxygen, and again compelled, thou^ 
in the new forms of water and carbonic acid, to resume 
their chains of combining afiSnity ? 

Every equivalent cf carbon and of hydrogen in the 
burning body unites with two equivalents of oxygen, in 
strict conformity with the laws of combination. The 
flame of hydrogen, if pure, gives scarcely any light, but 
combined with the solid particles of carbon, it increases 
in brightness. The most brilliant of the illuminating 
gases is the defiant gas^ produced hy the decomposition 
of alcdiol, and it is only hydrogen chained with carbon 

* Reaemrckei im Fkme : Sir H. Dairy's Collasled Works. 
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to the point of saturation. Flame is a oone of heated 
Tapour^ becoming incandescent at the points of contact 
-with the air j a mere superficial film only being luminousw 
It is evident that all the particles of the gas are in a 
«tate of very active repulsion over the surfiEu^^ since 
flame will not pass through wire gauze of moderate 
fineness. Upon this discovery is founded the inimitable 
safety-lamp of Davy, by means of which the explosiye 
gases of a mine are harmlessly ignited within a cage of 
wire gauze. This efiect has been attributed to a cool- 
ing influence of the metal ; but^ since the wires may be 
brought to a degree of heat but little below recbiess 
without igniting the fife-damp^ this does not appear to 
be the cause. The conditions of the safety lamp may 
be regarded as presenting examples exactly the coHverse 
of those already stated with reference to the spheroidal 
state of water ; and it affords additional evidence that 
the condition of bodies at high temperatures is subject 
to important physical changes. 

The principle upon which the safety lamp is con- 
structed is, that a mixture of the fire-damp and 
atmospheric air in certain proportions explodes upon 
coming in contact with a flame. 

This mixture passes readily through a wire gauze, 
under all circumstances, and it, of course, thus ap- 
proaches the flame of the lamp enclosed within such a 
material, and it explodes. But, notwithstanding the 
inechanical force with which the exploding gas is thrown 
back against the bars of its cage, it cannot pass them. 
Consequently, the element of destruction is caught and 
caged; and notwithstanding its fierceness and energy, it 
cannot impart to the explosive atmosphere without, any 
of its force. No combustion can be communicated 
through the wire gauze. 

The researches which led to the safety-lamp may be 
regarded as among the most complete examples of 
coiTect inductive experiment in the range of English 
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science, and the result is certainly one of the prou4e8t 
achievements of physico-chemical research. By merely 
enveloping the flame of a lamp with a metallic gauze, the 
labourer in the recesses of the gloomy mine may feel 
himself secure from that outpouring current of inflam* 
mable gas, which has been so often the minister of 
death; he may walk unharmed through the explosive 
atmosphere, and examine the intensity of its power, as 
it is wasted in trifling efforts within the little cage he 
carries. Accidents have been attributed to the " Davy,'' 
as the lamp is called among the colliers ; but they may 
in most cases be traced to carelessness on the part of 
those whose duty it has been to examine the lamps, or 
to the recklessness of the miners themselves. 

That curious metal, platinum, and also palladium^ 
possesses a property of maintaining a slow combustion, 
which the discoverer of the safety-lamp proposed to 
render available to a very important purpose. If we 
take a coil of platinum wire, and, having made it red^ 
hot, plunge it into an explosive atmosphere of car* 
buretted hydrogen and conmion air, it continues to 
glow with considerable brightness, producing, by this 
very peculiar influence, a combination of the gases, 
which is discovered by the escape of pungent acid 
vapours. Over the little flame of the safety-lamp, it was 
proposed by Davy to suspend a coil of platinum which 
would be thus kept constantly at a red heat. If the 
miner became accidentally enveloped in an atmosphere 
of fire-damp, although the flame of his lamp might be 
extinguished, the wire would continue to glow with 
sufi&cient brightness to light him from his danger, 
through the dark winding passages which have been 
worked in the bed of fossil fuel. This very beautiful 
arrangement has not, however, been adopted by our 
miners. 

It is thus that the discoveries of science, although they 
may appear of an abslaract character, constantly, sooner 
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or later, are applied to uses by whicli soine brancli of 
human labour is assisted, the necessities of man^s con- 
dition relieved, and the amenities of life advanced. 

The respiration of animals is an instance of the same 
kind of chemical phenomena as we discover in ordinary 
combustion. In the longs the blood becomes charged 
with oxygen, derived fromthe atmospheric air, with wluch 
it passes through the system, performing its important 
offices, and the blood is returned to the lungs with the 
carbonic acid formed by the separation of carbon from 
the body which is thrown off at every expiration. It 
will be quite evident that this process is similai to that 
of ordinary combustion. In man or animals, as in the 
burning taper, — ^which is aptly enough employed by ' 
poets as the symbol of life, — ^we have hydrc^en and 
carbon, with some nitrogen superadded ; the hydrogen 
and oxygen form water under the action of the vital 
forces ; the carbon with oxygen produces carbonic add, 
and, by a curious process, the nitrogen and hydrogen 
also combine to form ammonia.* 

All the carbon which is taken into the animal economy 
passes, in the process of time, again into the atmosphere, 
in combination with oxygen, this being effected in the 
body, imder the catalytic power of tissues, immediately 
influenced by the excitation of nervous forces, which are 
the direct manifestations of vital energy. The quantity 
of carbonic acid thus given out to the air is capable of 
calculation, with only a small amount of error. It 
appears that upwards of fifty ounces of carbonic acid 
must be given off from the body of a healthy man in 
twenty-four hours. On the lowest calculation, Jbhe popu- 
lation of London must add to the atmosphere daily 
4,500,000 pounds of carbonic acid. It must also be re- 
membered that in every process for artificial illumination,, 
and in all the operations of the manufactures in which 

* See note, ante. On the Chemical Theory of Respiration. 
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fire is used^ and also in our arrangements to secure db^- 
mestic comfort^ immense quantities of this gas are 
formed. We may^ indeed^ fairly estimate the amount^ 
if we ascertain the quantity of wood and coal consumed^ 
of all the carbon, which combines with oxygen while 
burnings and escapes into the alr^ either as carbonic acid 
or carbonic oxide. The former gas^ the same as that 
which accumulates in deep wells and in brewers^ vats^ 
is highly destructive to life^ producing very distressing 
symptoms, even when mixed with atmospheric air, in 
but slight excess over that proportion which it com- 
monly contains. The oppressive atmosphere of crowded 
rooms is in a great measure due to the increased proportioaa 
of carbonic acid given oflF from the lungs of thise assem^ 
bled^ and colleScted in the almost stagnant air of badly 
ventilated apartments. It will be evident to every one, that 
imless some provision was made for removing this dele- 
terious gas from the atmosphere as speedily as it formed^ 
consequences of the most injurious character to the 
animal races would ensue. It is found, however, that 
the quantity in the atmosphere is almost constantly 
. about one per cent. The pecuhar properties of carbonie 
acid in part ensure its speedy removal. It is among 
the heaviest of gaseous bodies, and it is readily absorbed 
by water ; consequently, floating within a short distance 
from the sur&ce of the earth, a large quantity is dis- 
solved by the waters spread over it. A considerably 
portion is removed by the vegetable kingdom ; indeed, 
the whoje of that produced by animals, and by the 
processes of combustion, eventually becomes part of 
the vegetable world, being absorbed with' water by the 
roots, and separated from the air by the peculiar func- 
tions of the leaves. However, this heavy gas unites 
with the lighter atmospheric fluid in obedience to that 
law which determines the diffusion of differemt specifie 
gravities through each other. 

The leaves of plants may.be regarded as performing 
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similar offices to the lungs of animals. They are the 
breathing oi^ans. In the animal economy a certain 
quantity of carbon is necessarily retained^ in combination 
with nitn^n and other elements^ to form mnscle ; but 
this is constantly undergoing change ; the entire system 
being renewed within a comparatively limited period. 
The conditions with plants are somewhat different. F<»r 
instance^ . the carbon is fixed in a tree^ and remains 
as woody fibre until it decays^ even though the life of 
the plant may extend over centuries. 

Aiiimals^ then^ are constantly supplying carbonic 
acid; plants are as constantiy feeding on it ; thus is the 
balance for ever maintained between the two kingdoms. 
Another condition is^ however^ required to maintain for 
the uses of men and animals the necessary supply of 
oxygen gas. This is effected by one of those wonderful 
operations of nature^s chemistry which must strike 
every reflecting mind with admiration. During the 
night plants absorb carbonic acid ; but there is a con- 
dition of repose prevailing then in their functions^ and 
consequently their powers of effecting the decomposition 
of this gas are reduced to their minimum. The plant * 
sleeps^ and vital power reposes; its repose being as 
necessary to the plant as to the animal. With the first 
gleam of the morning sun the dormant energies of the 
plant are awakened into full action ; it decomposes this 
carbonic acid, secretes the carbon, to form the rings of 
wood which constitute so large a part of its struc- 
ture, and pour out oxygen gas to the air. The plant 
is, therefore, an essential element in the conditions 
necessary for the support of animal life. 

The animal produces carbonic acid in an exact pro- 
portion to the quantity of carbonaceous matter which 
it consumes. Fruit and herbage contain a small quan- 
tity of carbon in comparison with muscle and fat. But 
let us confine our attention to the human race. Man 
within the Tropics, where the natural temperature is 
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high^ does not require so great an amount of chemical 
action to go on within fim for the purpose of main- 
taining the requisite animal heat; consequently his 
Maker has surrounded him with fruits and grains which 
constitute his food. 

As we advance to the colder regions of the earth 
man becomes a flesh-eater^ and his carnivorous appe- 
tite increases as the external temperature diminishes. 
Eventually we reach the, coldest zones, and the human 
being there devours enormous quantities of fat to 
supply the necessities of his condition. 

It must necessarily follow, that the inhabitants of the 
tropics do not produce so much carbonic acid as those 
who dwell in colder regions. In the first place, their 
habits of life are different, and they are not under the 
necessity of maintaming animal heat by the use of arti- 
ficial combustion, as are the people of colder climes. 
The vegetation of the regions of the tropics is much 
more luxuriant than that of the temperate and arctic 
zones. Hence an additional supply of carbonic acid is 
required between the torrid zones, and a less quantity 
is produced by its animals. These cases are all met by 
the great aerial movements. A current of warmed air, 
rich in oxygen, moves from the equator towards the 
poles, whilst the cooler air, charged with the excess of 
carbonic acid, sets in a constant stream towards the 
equator. By this means the most perfect equalization 
of the atmospheric conditions is preserved. 

The carbonic add poured out from the thousand 
mouths of our fiery furnaces, — produced during thfe 
laborious toil of the hard-working artizan, — and ex- 
haled from every populous town of this our island 
home, — ^is borne away by this our aerial currents to 
find its place in the pines of the Pacific Islands, the 
spice-trees of the Eastern Archipelago, and the cin- 
chonas of Southern America. The plants of the valley 
of the Caucasus, and those which flomish amongst 
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the Himalayas^ equally with the less luxuriant vege- 
tation of our temperate climes^ are directly dep^doait 
upon man and the lower animals for their supply of 
food. 

If tdl plants were removed from the earthy animatV 
could not exist. How would it be if the animal king- 
dom was annihilated? — ^would it be possible for veg^ 
tation to continue? This question is not quite so 
easily answered; but^ if we suppose all the carbon- 
producing machines — the animals— to be extinct, from 
whence would the plants draw their supply? It has 
been supposed that during the epoch of the coal for- 
mation a luxuriant vegetation must have gone on over 
the earth's surface, when the existence of animal life was 
regarded as problematical. It is supposed that the air was 
then charged with carbonic add, and that the calamites, 
lepidodendra, and sigilaria, were employed to renaove it, 
and fit the earth for the oxygen-breathing races. The 
evidence upon these points is by no means satisfactoory ; 
and although at one time quite disposed to acquiesce in 
a conjecture which appears to account so beautifully for 
the observed geological phenomena of carbonifopous 
periods, we do not regard the necessities for such a 
condition of the atmosphere as clearly made out.* 
Geological research, too, has shown that the immense 
forests from which our coal is formed teemed with life. 
A frog as large as an ox existed in the swamps, and the 
existence of insects proves the high order of oi^nic 
creation at this epoch. 

* At the request of the British Association, a committee under- 
took the investigation of this subject. Experiments were carried 
on by Dr. Daubeny, in the Botanic Gardens at Oxford, and by the 
Author, at his residence, Stockwell. Dr. Daubeny, in his report 
made at the meeting of the British Association at BirmiDgbam, 
appears disposed to consider ten per cent, of carbonic acid in ex- 
cess as destructive to the growth of ferns. I found, however, that, 
by gradually increasing the quantity, the ferns would live in ari 
atmosphere still more highly chai'ged with carbonic add. • 
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In all probability the same mutual dependence M^Mdi 
now exists between the animal and v^etable kingdom* 
existed from the beginning of time, and will continue ta 
do so imder varying circumstances through the countless 
ages of the earth^s duration. 

There is yet another very important chain of circum- 
stances which binds these two great kingdoms together. 
This is the chain of the animal necessities. A large 
number of races feed directly upon vegetables ; herbs 
and fruits are the only things from which they gain 
those elements required to restore the waste of their 
systems. 

These herbivorous animals, which must necessarily 
form fat and muscle from the elements of their vegetable 
diet, are preyed on by the carnivorous races ; and from 
these the carbon is again restored to the vegetable world. 
Sweep oflF from the earth the food of the herbivora, they 
must necessarily very soon perish, and with their disso-^ 
lution, the destruction of the camivora is certainly 
ensured. To illustrate this on a small scale, it may be 
mentioned that aroimd the coasts of Cornwall, pUcharda 
were formerly caught in very great abundance, in the 
shallow water witlun coves, where these fish are now but 
rarely seen. From the investigations of the Messrs. 
Couch, whose very accurate observations on the Cornish 
fauna have placed both father and son amongst the most 
eminent of British naturalists,^ it appears that the 
absence of these fish is to be attributed entirely to the 
practice of the farmers, who cut the sea-weed from the 
rocks for the purpose of manuring their lands. By this 
they destroy all the small Crustacea inhabiting these 
immature marine forests feeding on the algse^ and a» 
these, the principal food of the pilchards, have perished 
they seek for a substitute in nK>re favourable situations. 

* See memoir On the Pilchard, hj Mr. Couch, in the Beportsof 
the Royal Cornwall Polytechnic Society. 



316 CHANGES OF STATE. 

Mr. Darwin remarks^ that if the immense seaweeds of 
the Southern Ocean were removed by any cause^ the 
whole fauna of these seas would be changed. 

We have seen that animals and vegetables are com- 
posed principally of four elementary principles,— oxygen, 
hydrogen, nitrogen, and carbon. We have examined 
the remarkable manner in which they pass firom one 
condition — from one kingdom of nature — into another. 
The animal, perishing and dwindling by decomposition 
into the most simple forms of matter, mingling with the 
atmosphere as mere gas, gradually becomes part of the 
growing plant, and by like changes vegetable organism 
progresses onward to form a portion of the animal 
structure. 

A plant exposed to the action of natural or artificial 
decomposition passes into air, leaving but a few grains 
of solid matter behind it. An animal, in like manner, 
is gradually resolved into "thin air.'' Muiscle, and 
blood, and bones, having undergone the change, are 
found to have escaped as gases, leaving only ''a pinch 
of dust,'' which belongs to the more stable mineral 
world. Our dependency on the atmosphere is therefore 
evident. We derive our substance from it — ^we are, 
after death, resolved again into it. We are really but 
fleeting shadows. Animal and vegetable forms are little 
more than consolidated masses of the atmosphere. The 
sublime creations of the most gifted bard cannot rival 
the beauty of this, the highest and the truest poetry of 
science. Man has divined such changes by the unaided 
powers of reason, arguing from the phenomena which 
science reveals in unceasing action around him. The 
Grecian sage's doubts of his own identity, were only an 
extension of a great truth beyond the limits of our 
reason. Romance and superstition resolve the spiritual 
man into a visible form of extreme ethereality in the 
spectral creations, " clothed in their own horror," bjr 
which their reigns have been perpetuated. 
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When Shakspeare made his charming Ariel sing— 

" Full fathom fLYe thy father lies, 
Of his bones are coral made, 
• Those are pearls that were his eyes : 
Nothing of him that doth fade, 
But doth suffer a sea change 
Into something rich and strange/' 

he painted, with considerable correctness, the chemical 
changes by which decomposing animal matter is rq>laeed 
by a siliceous or calcareous formation. 

But the gifted have the power of looking through the 
veil of nature, and they have revelations more wonder- 
ful than even those of the philosopher, who evokes them 
by perpetual toil and brain-racking struggle with the 
ever-changing elements around him. 

The mysteries of flowers have ever been the charm of 
the poet^s song. Imagination has invested them with 
a magic influence, and fancy has almost regarded them 
as spiritual things. In contemplating their surpassing 
loveliness, the mind of every observer is improved, and 
the sentiments which they inspire, by their mere exter- 
nal elegance, are great and good. But in examining 
the real mysteries of their conditions, their physical 
phenomena, the relations in which they stand to the 
animal world, ^' stealing and giving odours*' in the mar- 
vellous interchange of carbonic acid and ammonia for 
the soul-inspiring oxygen — all speaking of the powers of 
some unseen, in-dwellmg principle, directed by a supreme 
ruler — the philosopher finds subjects for deep and soul- 
trying contemplation. Such studies lift the mind into 
the truly sublime of nature. The poet's dream is the 
dim reflection of a distant star : the philosopher's reve- 
lation is a strong telescopic examination of its features' 
One is the mere echo of the remote whisper of nature's 
voice in the dim twilight; the other is the swelling 
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music of the harp of Memnon^ awakened by the sun of 
truth, newly risen from the night of ignorance. 

To return from our long, but somewhat natural 
digression, to a consideration of the chemical phenomena 
connected with the atmosphere, and its curious and 
important element, nitrogen, we must first examine the 
evidence we have of the condition of the air itself. 

The mean pressure exerted upon the surface of the 
earth, as indicated by the barometer, is equal to a column 
of mercury thirty inches high ; that is, the column of 
air from the surface of the ocean to its highest limits 
exactly balances that quantity of mercury. If our 
tube of mercury had the area of one square inch, 
the columns would weigh fifteen pounds, which repre- 
sents a pressure of fifteen pounds upon every square 
inch of the earth^s surface. This pressure, it must be 
iemembered, is the compound weight of the gaseous 
envelope, and the elastic force of the aqueous vapour 
contained in it.* If the atmosphere were of uniform 

* *' This scale, in which the humidity of the air is expressed, is 
the simple natural scale in which air at its maximum of humiditr 
(f. c, when it is saturated with yapour) is reckoned as = 100, and 
air absolutely depriyed of moisture as = 0; the intermediate de- 
grees are given by the fraction 100 x actual tension of Ti^Mur-s- 
tension required for the saturation of the air at its existing tem- 
perature. Thus, if the air at any temperature whatsoever con- 
tains vapour of half the tension, which it would contain if satu- 
rated, the degree is 50 ; if three-fourths, then 75 ; and so forth. Air 
of a hi^er temperature is capable of containing a greater quantity 
of vapour than air of less temperature; but it is the proportions 
what it does contain, to what it would contain if saturated, which 
<}onstitutes the measure of its dryness or humidity. The capacity 
of the air to contain moisture being determined by its temperature, 
it was to be expected that an intimate connection and dependence 
would be found to exist between the annual and diurnal variations 
of the vapour and of the temperature." — Sabine, On the MeUorQ" 
logy of Toronto ; Reports of the British Association, voL xiii p. 
47. The Temperature Tidfles : by Prof. W. H. Dove ; Reports for 
1847 should be consulted. 
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condition, its height/ as inferred from the barometer, 
would be about five miles and a half. The density of 
the air, however, diminishes with the pressure upon it, 
so that at the height of 11,556 feet, the atmosphere is 
of half density ; or one volume of air, as taken at the 
surface of the earth, is expanded into two at that height. 
Thus the weight is continually diminishing ; but this is 
regularly opposed by the decreasing temperature, which 
diminishes the rate of about one d^ree for every 352 
feet of ascent, although in all probability it is les^ 
rapid at great distances from the earth. 

It has been calculated, from certain phenomena of 
refraction, that our atmosphere must extend to about 
forty miles from the surface of the earth. It may, in 
a state of extreme tenuity, extend still furtfier ; but 
it is probable that the intense cold produced by rare- 
faction sets limits to any extension much beyond this 
elevation. 

llie uses of the atmosphere are many. It is the 
medium for regulating the dispersion of watery vapours 
over the earth. If there were no atmosphere, and 
that, as now, the equatorial climes were hot and the 
poles cold, evaporation would be continually going on 
at the equator, and condensation in the colder regions. 
The sky of the tropical climes would be perpetually 
cloudless, whilst in the temperate and arctic zones we 
should have constant rain and snow. By having a 
gaseous atmosphere, a more uniform state of things is 
produced; the vapours arising from the eartii become 
intimately mixed with the air, and are bcnme by it 
over large tracts of country, and only precipitated 
wh^a they enta* some stratum much colder than that 
which involves them. Diere are opposite tendencies in 
an atmosphere of air and one of vapour. The air cir- 
culates from the colder to the warmer parts;, and the 
vapoiu: from the warmer to the colder regiona; and as 
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the currents of the air^ firom the distribution of land and 
sea — ^the land^ firom its low conducting power^ being 
more quickly heated than the sea — are very complicated^ 
and as some force is employed in keeping the vapour 
suspended in the air^ water is less suddenly deposited on 
the earth than it would have been^ had not these ten- 
dencies of the air and its hygrometric peculiarities been 
such as we find them. 

The blue colour of the sky^ which is so much more 
agreeable to the eye than either red or yellow^ is due to 
a tendency of the mixed gas and vapour to reflect the 
blue rays rather than red or. yeUow. The white light 
which falls upon the surface of the earth, without ab« * 
sorption or decomposition in its passage firom the sun^ 
is partially absorbed by, and in part reflected back from, 
the earth. The reflected rays pass with tolerable firee* 
dom through this transparent medium, but a portion of 
the blue rays are interrupted and rendered visible to us. 
That it is reflected light, is proved by the fact of its being 
in a polarized state.* Clouds of vapour reflect to us 
again, not isolated rays, but the undecomposed beam, 
and consequently they appear white as snow to oxur 
vision. 

The golden glories of sunset, — ^when, ^^ike a dying 
dolphin,^^ heaven puts on the most gorgeous hues, which 
are continually changing, — depend entirely upon the 
quantity of watery vapour which is mixed with air, and 
its state of Condensation. It has been observed, that 
steam at night, issuing into the atmosphere imder a 
pressure of twenty or thirty pounds to the square inch, 
transmits and reflects orange-red light. This we ' may, 
therefore, conclude to be the property of such a con- 
dition of mixed vapour and air, as prevails when the 

^>' Sir David Brewster's Optics, and Memoirs in the Philosophical 
Transactions. Sir John HerscheVs Treatise on Light, Encyclopce- 
dia Metropolitana. 
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rising or the setting sun is shedding over the eastern 
or the western horizon the glory of its coloured rays.* 

Thus science points out to us the important uses of 
the air. We learn that life and combustion are entirely 
dependent on it^ and that it is made the means for 
securing greater constancy in the climates of the earth 
than could otherwise be obtained. The facts already 
dwelt upon are sufficient to convince every thinking 
mind that the beautiful system of order which is dis- 
played in the composition of the atmosphere^ in which 
the aU-exciting element, oxygen, issubduedtoatranqtdl 
state by another element, nitrogen, (which, we shall 
have presently to show, is itself, under certain con- 
ditions, one of the most energetic agents with which we 
are acquainted,) indicates a supreme power, omniscient 
in the adaptation of things to an especial end. Oxygen 
and nitrogen are here mixed for the benefit of man ; 

* On the Colour of Steam under certain circumstances : by Pro- 
fessor Forbes; Philosopbical Magazine, vol. xiv. p. 121, vol. xv. 
S. 25. In the first paper the following remarks occur :— " I cannot 
oubt that the colour of watery vapour under certain circum* 
stances is the principal or only cause of the red colour observed in- 
clouds. The veiy fact that that colour chiefly appears in the pre- 
sence of clouds is a sufficient refutation of the only explanation 
of the phenomena of sunset and sunrise, having the least plausi- 
bility, given by optical writers. If the red light of the horizontal 
sky were simply complementary to the blue of a pure atmosphere, 
the sun ought to set red in the clearest weather, and then most of 
all ; but experience shows that a lurid sunrise or sunset is always 
accompanied by clouds or diffused vapours, and in a great 
majority of cases occurs when the changing state of previously 
transparent and colourless vapour may be infei*red from the suc- 
ceeding rain. In like manner, teiTcstnal lights seen at a distance 
grow red and dim when the atmosphere is filled with vapour soon 
to be precipitated. Analogy applied to the preceding observations 
would certainly conduct to a solution of such appearances ; for 1 
have remarked that the existence of vapour of high tension is by 
no means essential to the production of colour, though of comse a 
proportionally greater thickness of the medium must be employed 
to produce a similar effect when the elasticity is small." 

Y 
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man unites them by the aid of powers uritli which he is 
•gifted^ and the consequences are of a &tal kind. The 
principles which the great Chemist c£ Nature renders 
mild are transformed into sources of evil by the chemist 
of art. X 

Bey(Hid all this^ the atmosphere produces effects on 
light whidi add infinitely to the beauty of the world. 
Were there no atmosphere^ we should only see those ob- 
jects upon which the sun^s rays directly fdl, or from which 
they were reflected. A ray falling through a small hole 
iato a (ilark room, illuminating one object^ which reflects 
some light upon anoth^, is an apt illustration of the 
efifect of light upon the earthy if it existed without its 
enyeh^ing atmo6{ri[i^e. By the dispersiye powers of 
this medium, sunlight is conirerted into daylight ; and 
iafitead of unbearable paraUd rays illuminating bril- 
liantly, and scofching up with h^ those parts upon 
which they directly fall, leaving all other parts in the 
darkness of night, we enjoy ihe blessings of a division 
of its rays^ and experience the beauties of soft shades 
and slowty-deepening shadows. Without an atmosphere, 
the sun of the morning would burst upon us with un- 
bearable brilliancy, and leave us suddenly, at the close 
of day, at once in uttar darkness. With an atmo- 
sph^:^ we have Ihe twilight with all its tempered love- 
liness, — a " time fijr poets made.** 

In chemical character, atmospheric air is composed of 
twenty-one volumes of oxygen, and seventy-nine volumes 
of nitrog^i : or one hundred grains of air consist of 23' I 
grains of the former, and 76"9 grains of the latter. 
Whether the air is taken from the greatest depths or the 
most exalted heights to which man has ever reached, an 
invariable piroportiQsi of the gases is maintained. The 
air of Oumbonao, of the arid ;^ains of Egypt, of the 
pestilenlial delta of the Niger, or even of the infected 
atmosphere cf an hoi^ta]^ idl give the same proportions 
of these two gaises as w« find adstiiig oa the iiealth^ 
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"of Devonshire, or in the air of the city of London. This 
constancy in constitution leads to the supposition that 
the oxygen and nitrogen are chemically combined ; but 
many eminent philosophers have contended that they 
are merely mechanically mixed ; and they have shown 
that some peculiar properties prevaQ amongst gaseous 
bodies, which very fully explain the equal admixture of 
two gases the specific gravities of which are difierent. 
This is particularly exemplified in the case of carbonic 
ucid, of which gas one per cent, can be detected in all 
r^ons of the air to which the investigations of man 
have reached. This gaa, although so heavy, is, by the 
law of diflFusion, mixed with great uniformity throughout 
the mass,* Every exhalation firom the earth, of course, 
passes into the air ; but these are generally either so 
Ught that they are carried into the upper regions, and 
there perform their parts in the meteorological pheno- 
mena, or they are otherwise very readily absorbed by 
water or growing plants, and thus is the atmosphere 
preserved in a state of purity for the uses of animals. 
Again, the quantity of oxygen contained in the air, and 
its very peculiar character, ensures the oxidation of all 
the volatile organic matters which are constantly passing 
off, — as the odoriferous principles of plants, the mias- 
mata of swamps, and the products of animal putrefac- 
tion ; these are rapidly converted into water, carbonic 
acid, or nitric add, and quickly enta* into new and harm- 
less oombmations. The el^cnents of contagion we are 
unacquainted with ; but since the attention of inquirers 
has been of late durectied to this important and delicate 
jmbject, soBie light may possiUy be thrown upon it 
before long. 
Nothing shows more strikingly the admirable adaptation 

* On the Law of Diffusion of Gases : by Thomas Graham, M. A., 
F.R.S., &c. ; Edinburgh Philoeophical Transactions, 1832. Sur 
I Action CapilUdrt des Fissures, S^c. : by Dobereiner; Annales de 
<Obiinie, xxiv. 33d« 
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of all things for their intended uses than the atmosphere. 
In it we find the source of life and health ; and chemistry 
teaches us, most indisputably/ that it is] composed of 
certain proportions of oxygen and nitrogen gases ; and 
experience informs us that it is on the oxygen that we are 
dependent for all that we enjoy. So beautiftdly is the 
atomic or molecular constitution ordered, that it is impos- 
sible to produce any change in the air without rendering it 
injurious to the vegetable and animal economy. It might 
be thought, from fiie well-known exhilirating character 
of oxygen gas, that, if a larger quantity existed in the 
atmosphere than that which we find there, the enjoy- 
ments of life would be of a more exciting kind ; but the 
consequences of any increase would be exceedingly inju- 
nous ; and, by.quickening all the processes of life to an 
unnatural extent, the animal fabric would soon decay : 
excited into fever, it would be destroyed by its own fires. 
Chemistry has made iis acquainted with six other com- 
poimds of oxygen and nitrogen, neither of them fitted 
for the purposes of vitality, of which the following are 
the most remarkable : — 

Nitrous oxide, or the, so called, laughing gas, which 
contains two volumes of nitrogen to one of oxygen, 
would prove more destructive than even pure oxygen^ 
from the delirious intoxication which it produces. 

Nitric oxide is composed, according to Davy, of two 
volumes of nitrogen and two of oxygen. It is of so 
irritating a nature, that the glottis contracts spasmo- 
dically when any attempt is made to breathe it ; and 
the moment it escapes into the air it combines with 
more oxygen, and forms the deep red fumes of nitrous 
acid. 

Nitrous acid and the peroxide of nitrogen each con- 
tains an additional proportion of oxygen, and they are 
tstill more destructive to all organization. 

Nitric acid contains five volumes of oxygen united to 
two of nitrogen ; and the well-known destructive pro- 
perties of aqua fortis it is unnecessary to describe. 
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The atmosphere, and these chemically active com- 
pounds, contain the same elements*, but their mode of 
combining -is different; and what is, in the one case, 
poisonous to the highest degree, is, in the other, ren- 
dered salubrious, and essential to all organized beings. 

Nitrogen gas may be regarded in the light of a diluent 
to the oxygen. In its pure state it is only characterised 
by its negative properties. It will not bum, or act as 
a supporter of combustion. Animals speedily perish if 
confined in it ; but they die rather through the absence 
of oxygen than from any poisonous property of this gas. 
Yet, in combination, we find nitrogen exhibiting powers 
of a most energetic character. In addition to th^ ftd- 
minating compounds and the explosive substances 
already named, wldch are among the most remarkable 
instances of unstable affinity with which we are ac- 
quainted, we have also the well-known pungent body, 
ammonia. From the analogous nature of tins volatile 
compound, and the fixed' alkalies soda and potash, it 
was inferred that it must, like them, be an oxide of a 
metallic base. Davy exposed ammonia to the action of 
potassium, and to the influence of the voltaic arc pro- 
duced from 2,000 double plates, without at all changing 
its character. From its slight tendency to combination, 
and from its being found abimdantly in the organs of 
animals feeding on substances that do not contain it, it 
is, however, probably a compoimd body. A phenomenon 
of an obscure and mysterious character is presented, 
the formation of the " ammoniacal amalgam,^^ as it 
called. 

Mercury, being mixed with an ammoniacal salt, is 
exposed to powerful galvanic action ; and a compound, 
maintaining its metaUic appearance, but of considerable 
lightness and very porous, presents itself.* This prepa- 

* Electro-chemical Researches on the Decompositions of the Earths, 
with observations on the Metals obtained from the Alkaline Earths, 
and on the Amalgam procured from Ammonia : by Sir Humphry 
Davy; Philosophical Transactions, 1808, and collected '^^'^'^, 
vol. V. p. 102. 
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ration has been carefully examined by Davy^ Berzelius^ 
and others. It is always resolved into ammonia and 
mercury ; and^ although the latter chemist is strongly 
inclined to regard it as affording evidence of the com* 
pound nature of nitrogen^ — and he has^ indeed^ proposed 
the name nitricum for its hypothetical base, — yet, to the 
present time, we have no satis&ctory explanation of this 
apparent metallization of ammonia. 

No attempt wiU be made to describe the various ele- 
mentary substances which come under the class of 
metallic bodies, much less to enumerate their combina- 
tions. Many of the metals, as silver and copper, are 
found sometimes in a native state, or nearly pure ; but,, 
for the most part, they exist, in nature, in cotnbination 
with oxygen or sulphur ; gold furnishing a remarkable 
exception. They are occasionally found combined with 
other bodies,— as oxidized carbon, j^hosphoms, chlorine,. 
&c. ; but these cases are by no means so common. 
Those substances called metals are generally found em- 
bedded in the rocks, or deposited in fissures formed 
through them ; but it is one of the great discoveries of 
modem science, that those rocks themselves are metallic 
oxides. With metals we generally associate the idea of 
great density ; but potassium and sodium, the metallic 
bases of potash and soda, are lighter than water, and 
they consequentiy float upon that fluid. We leam^ 
therefore, from the researches of science, that the crust 
of this earth is composed entirely of metals, combined 
with gaseous elements ; and there is reason for believing 
that one, or perhaps two, of the gases we have already 
named are also of a metallic character. Strange as it 
may appear, there is nothing, as will be seen on atten- 
tive consideration, irrational in this idea. Many oi the 
metals proper, under the influence of such heat as we 
can, by art&cial means, command, are dissipated in va- 
pour, and may be maintained in this state perfectiy invi- 
sible. Indeed, the transparent space above the surface 
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of the mercTiiy in the tube of a barometer, known as the 
TorriceUian vacuum, is filled with the vapour of mer- 
cury. There is, therefore, no reason why nitrogen, or 
even hydrogen, should not be metallic molecules kept 
by the force of the repulsive powers of heat, or some 
other influence, at a great distance from each other. 
The peculiar manner in which nitrogen unites with mer- 
cury, and the property which hydrogen possesses of 
ccnnbining with antimony, zinc, arsenic, potassium, 
sodium, and possibly other metals, besides its imion with 
sulphur and carbon — ^in all which cases there is no such 
change of character as occurs when they combine with 
oxygen — appear to indicate bodies which, chemically, are 
not very dissimilar to those metals themselves, although, 
physically, they have not the most remote resemblance. 

" We know -Clothing,'' says Davy, ^* of the true ele- 
ments belongmg to nature ; but, so far as we can reason 
from the relations of the properties of matter, hydrogen 
is the substance which approaches nearest to what the 
elements may be supposed to be. It has energetic powers 
of combination, its parts are highly repulsive as to each 
other, and attnictive of the particles of other matter; it 
enters into combination in a quantity very much smaller 
than any other substance, and in this respect it is 
approached by no known body.^'* 

Many of the elements are common to the three king- 
doms of nature : most of those found in one condition ot 
organization are discovered in anoth^. The carbonates 
are an abimdant mineral class. In the v^ctable kingdom 
we find carbon combining with oxygen, hydrogen, and 
nitrc^n : these elements, also, constitute the substance 
of animals, the proportion of nitrogen being, however, 
much larger. If one element^ more than another, be- 
longs especially to the animal economy, it is phosphorus, 
Although this is not wanting in the vegetable wotH; 

* Elements of Chemical Philosophy : by Sir H. Davy. 
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and it is not imcommpn in the mineral. Sulphur is 
common to .the three kingdoms : it is abundant in the 
mineral, being one of the products of volcanic action; 
it is united with the metals, forming sulphurets ; and is 
foipid in our rocks in the state of sulphuric acid or 
oxidized vapour, combined with the metallic bases of 
lime and other earths. In the vegetable kingdom we 
discover sulphur in all plants of the onion kind, in the 
mustard, and some others ; it enters into the composition 
of vegetable albumen, and appears always combined with 
albumen, fibrine, and caseine, in the animal economy. 

Chlorine is foimd most abundantly in combination 
with sodium, as common salt : in this state, in par- 
ticular, we may trace it &om the depths of the earth, its 
waters, and its rocks, to the plants and animals of the 
surface. Iodine is most abundant iiv marine plants; 
but it has been found in the mineral world, traced to 
plants, and it is indicated in the flesh of some animals. 
Bromine is known to us as a product of certain saline 
Wjaters, and a few specimens of natural bromide of silver 
have been examined. Fluorine, the base of the acid 
which, combining with lime, forms fluor-spar, is found 
to exist to some considerable extent in bones ; it has 
been discovered in milk and blood ; and investigations 
have proved its existence in the vegetable world. It 
must not be forgotten that the earths, lime and mag- 
nesia, enter into the composition of the more sohd parts 
of plants and animals. Lime is one of the principal 
constituents of animal bone and shells, and it is found 
in nearly all vegetables. 

Silica, or the earth of flints, is met with in beautiful 
transparent crystals, in the depths of the mine ; in all 
rock and soils we find it. In the bark of many plants, 
particularly the grasses, it is discovered, forming the 
hard supporting cuticle of the stalk, in wheat, the Dutch 
rush, the sugar-cane, the bamboo, and many other 
plants. 
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It is thus that we find the same elementary prin- 
ciple presenting itself in every form of matter, under 
the most Protean shapes. Numerous phenomena of 
even a more striking character than those selected, axe 
exhibited in every department of chemistry ; but within 
the limits of this essay it is impracticable to speak 
of any beyond those which directly explain natural 
phenomena. 

The chemical elements, which actually exist in nature 
as simple bodies, are probably but few. Most of the 
gases are in all probabUity compounds of some ethereal 
ultimate principles; and with the advance of science we 
may fairly hope to discover the means of reducing some 
of them to a yet more simple state. 

Curious relations, which can be traced through certain 
bodies, lead us to believe that they may be only modified 
conditions of one element. Flint and charcoal do not at 
first appear aUied;. but carbon in some of its states 
approaches very near to the condition of silicon, the 
metallic base of flint. When we remember the diffierences 
which are evident in three forms of one body — coke, 
graphite, and diamond — ^the dissimilitude between flint, 
a quartz crystal, and carbon, will cease to be a strong 
objection to the speculation. 

Phosphorus, sulphur, and selenium, have many pro- 
perties in common. Iodine, bromine, chlorine, and 
fluorine, appear to belong to the same group. Iron and 
nickel, and cobalt, have a close relation. Silver and 
lead are usually combined, and exhibit a strong relation- 
ship. Gold, platinum, and the rarer metals, have so 
many properties in common, that they may form a 
separate group fi'om all the others. 

Indeed, a philosophical examination of the elements 
now supposed to constitute the material world, enables 
us to divide them into about six well-defined groups. 
Wide differences exist within these groups ; but still we 
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find a sufScient number of common properties to warrant 
our classing them in one familj. 

The dream of the alchemists, in the vain endeavcmr 
to realise which they exhausted their Uyes and dissipated 
their wealth, had its foundation in a natural truth. The 
transmutation of one form of matter into another may 
be beyond the power of man, but it is certainly con- 
tinually taking place in the laboratory of nature, under 
the directing law of the great Creator of this beautiful 
earth. 

The speculations of men, through all ages, have leaned 
towards tins idea, as is shown by the theory of the four 
elements, — ^Air,rire, Earth, and Water, — of the ancients, 
the three, — Salt, Sulphur, and Mercury, — of the al- 
chemists, and the refined speculations of Newton and 
Boscovich on the ultimate constitution of matter. All 
experimental inquiry points towards a similar ccmehi- 
sion. It is true we haye no direct evidence of any 
elementary atom actually undergoing a diange of state; 
but when we regard the variations produced by electrical 
influence, the changes of state which arise from the 
power of heat, and the physical alterations produced by 
light, it will be diflScult to come to any other conclusion 
than that the particles of matter known to us as ultimate 
are capable of change, and consequently must be far 
removed from positively simple bodies, since the real 
elementary atom, possessing fixed properties, cannot be 
supposed capable of undergoing any transmutation. 
Allotropism could not occur in any absolutely simple 
body. 

It will now be evident that in all chemical phenomena 
we have the combined exercise of the great physical 
forces, and evidences of some powers which are, as yet, 
shrouded in the mystery of our ignorance. The forma- 
tion of minerals within the clefts of the rocks, the 
decomposition of metallic lodes, the germination of 
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seeds, the growth of the plant, the development of its 
fruit and its ultimate decay, the secret processes of 
animal life^ assimilation, digestion^ and respiration, and 
all the changes of external form, which take place around 
us, are the result of the exercise of that principle which 
we call chemical. 

By chemical action plants take from the atmosphere 
the elements of their growth ; these they yield to 
animals, and from these they are again returned to the 
air. The viewless atmosphere is gradually formed into- 
an organized being) the lordly tree upon whose branches 
the fowls of the air have their homes, and the human 
animal, exalted by being charged with a spiritual soul i. 
yet the tree and the man alike are gradually resolved 
again into thin air. The changes of the mineral world 
are of an analogous character ; but we cannot trace them 
so clearly in all their phenomena. 

The planet on whidi we live began its course charged 
with a fixed quantity of physical force, and this has 
remained constant to the present moment, and will do 
so to tl^ end of time. By influences external to this 
earth the balance of these forces is continually dis- 
turbed; and in the effort to restore the equilibrium^ 
we have the production of all the varied fcnrms oT 
matter^ and the manifestation of each particular physical 
princi|de or power. As motion and attraction, balanced 
against each oth», maintain the earth in her elliptical 
orbit, so the opposition of forces determines the existence 
of the amorphous rock, the light-refracting crystal, the 
fixed and flowering plant, and the locomotive anunal. 

An eternal round of comical action is displayed in 
nature. Life and death are but two phases of its in- 
fluences. Growth and decay are eqBidly the xescdt of 
its power. 
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CHAPTER XIII. 

TIME. — GEOLOGICAL PHENOMENA. 

Time, an element in Nature's Operations— Geological Science — 
Its Fat».t8 and Inferences— -Nebular Hypothesis applied — 
Primary Formations — Plutonic and Metamorphic Bocks- 
Transition Series — Palseozoic Eocks — Commencement of 
Organic Arrangements — Existence of Phosphoric Acid in 
Plutonic Kocks — ^Fossil Remains— Coal Formation— Sand- 
stones — ^Tertiary Formations— Eocene, Miocene, and Pliocene 
Formations— Progressive changes now apparent — General 
Conclusions— Physics applied in explanation. 

The influence of time, as an element, in producing 
certain structural arrangements, by modifying the opera- 
tions of physical force, under whatever form it may be 
exerted, has scarcely been suflSciently attended to in the 
examination of cosmical phenomena. Every particle of 
matter is, as it were, suspended between the agencies to 
which we have been directing our attention. Under the 
influences of the physical powers, sometimes exerted in 
common, but often with a great preponderance in favour 
of one of them, every accumulated heap of mud or sand 
is slowly cohering, and assuming the form of a rock 
possessing certain distinguishing features, as it regards 
lamination, cleavage, &c. 

The minute particles of matter are necessarily but 
slightly influenced by the physical forces : their action 
in accordance with the laws which determine physical 
condition is manifested in an exceedingly modified 
degree. But in all the operations of nature, what is 
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deficient in power is made up in time, and efifects are 
produced during myriads of ages, by powers far too weak 
to give satisfactory results by any experiments which 
might be extended even over a century. . 

If, with the eye of a geologist, we take but a cursory 
glance over the Earth, we shall discover that countless 
ages must have passed during the progress of this planet 
to its present state. This is a fact written by the finger 
of nature, in unmistakeable characters, upon the mighty 
tablets of her mountains. 

The superficial crust of the earth, — ^by which is meant 
only that film, compared with its diameter, which is 
represented by a few miles in depth — ^is composed of dis- 
tinct mineral masses, exhibiting peculiar physical con- 
ditions and a certain order of arrangement. These rocks 
appear to have resulted from two dissimilar causes; in 
one class the action of heat is evident, and in the other 
we have either the slow deposition of matter suspended 
in water, or crystallization from solution ; an aqueous 
origin is indicated by peculiarities of formation in all the 
more recent rocks. 

There are few branches of science whidi admit of 
speculation to the extent to which we find it carried in 
geology. The consequences of this are shown in the 
popular character of the science. A few observations 
are made over a limited area, and certain structural con- 
ditions are ascertained, and at once the mind, ^^ fancy 
free,^^ penetrates the profound depths of the earth, and 
imagination, having " ample room and verge enough,'' 
creates causes by which every eflFect is to be interpreted. 
Such students, generafly ignorant of the first principles 
of physics, knowing little of mineralogy, and less of 
chemistry, to say nothing of palaeontology, haying none 
of the requisites for an observer, boldly assume premises 
which are untenable, and think they have explained a 
.phenomenon, — given to the world a truth, — ^when they 
have merely promulgated an unsubstantiated specula- 
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tion, whieh may have oocjasional marks of ingenuity, and 
but little else. 

The careMly-made observations of those who, with 
unwearying iudustry, have traversed hill and valley, 
marked and measured the various characters, thicknesses, 
inclinations, and positions of rocks ; who have watched 
the influences of heat in changing, of water in wearing, 
and the results of precipitation in forming, strata; who 
have traced the mechanical effects of earthquake stmg- 
^lings and 6f volcanic eruptions, and, reasoning from an 
immense mass of accumulated facts, deduct certain 
general conclusions, — are, however, of a totally different 
'Character ; and it is such observers as these who induced 
Herschel to say truly, that '* geology, in the magnitude 
and sublimity of the , objects of which it treats, im- 
doubtedly rai^, in the scale of the sciences, next to 
astronomy/'* 

The origin of this planet is involved in great obscurity, 
which the powers of the most gified are unable to pene- 
trate. It stands the work of an Almighty and Eternal 
mind, the beginning of which we cannot comprehend, 
nor can we define the period of its termination. 

It may, probably, be safe to speculate that there was 
« time when this globe consisted of only one homo- 
geneous stratum. Whether this remains, — whether, in 
our plutonic rocks, our granites, or our porphyries, we 
have any indications of the primitive state of the world, 
or whether numerous changes took place before even our 
unstratified formations had birth, are questions we 
cannot answer. The geologist looks back into the vista 
of time, and reckons, by phenomena, the progress of the 
worid's mutations. The stratified formations must 
have occupied thousands ctf ages ; but before these were, 
during a pariod extending over countless thousands, the 

* Prebmtftary Diseoursej Sir J. F. W. HerscheL Lardner's 
Cabinet Cyolof^ia. 



OF THE BOCK FORMATIONS. 385 

unstratified rocks may have been yarionsly metamor- 
phosed. It matters not whether we admit the nebular 
hypothesis or not^ — ^a time must have been when all these 
bodies which now form the mass of this globe existed in 
the most simple state. We have already shown that 
very remarkable changes in external character and in 
<;hemical relations are induced^ in the same simple 
element^ by its having been exposed to some peculiar 
and different conditions ; and already have we speculated 
on the probability that the advance of science will enable 
us to reduce the numerous elements we now reck(m^ to 
two or three. It is, therefore, by no means an irrational 
thought (which must, however, be held in the light of a 
pure conjecture), to suppose that at the beginning a 
mighty mass of matter, in the most attenuated state, was 
produced in space, and was gradually, under the in- 
fluence of gravitation, of cohesive force, and of diemical 
aggregatibon, moulded into the form of a sphere. 
Ascending to the utmost refinement of physics, we may 
suppose that this mass was of one uniform character, 
and that it became in dissimilar parts — its sur&oes and 
tovrards its centre— differently constituted, under the 
influences of the same powers which we now find pro- 
ducing, out of the same body, charcoal and the diamond, 
and creating the multitudinous forms of organized 
<3reati(»2S. These c(xiditions being- established, and 
carried to an extent of which, as yet, science has 
afforded us no evidence, chemical intermixture may have 
taken place, and a new series of compounds have been 
formed^ which, by again combining, gave rise to another 
and more complex class of bodies. 

The foundati(Hi of the superficial crust of the earth 
appears to be formed of a class of rocks which have 
resulted &om the dbw cooling of an immense mass of 
heated matter. Hese rocks hsLve been called igneous ; 
but are now more generally termed Plutonic (kicii as 
granites, syenites, &c.) Immediately above tihese^ we 



836 GEOLOGICAL rORMATIONS. 

find rocks which have resulted by deposition from 
water. These masses^ having been exposed to the action 
of the heat below^ have been considerably changed in 
their character^ and hence they are often cidled fneta- 
morphic ; but metamorphic rocks may, however, be of 
any age. The rocks formerly termed the transition 
series— from their forming the connecting link between 
the earlier formations — ^are now, from the circonlstaiice 
of their being fossiliferous, classed under the general 
term of palseozoic rocks, to distinguish them from the 
rocks in which no organic remains have been found. 
Above these are foimd the secondary strata, and^ still 
more recently produced, we have a class now usually 
denominated the tertiary formations. '^ Eternal as the 
hills^' is a poetic expression, implying a long duration ; 
but these must, from the nature of things, eventually 
pass away. The period of time necessary for the dis- 
integration of a granite hill is vastly beyond the powers 
of . computation, according to our conception of the 
ordinary bounds of finite things. But a consideration 
of the results of a few years, — under the influence of 
the atmosphere and the rains, — as shown in quantity of 
solid matter carried oflf by the rivers, and deposited at 
their mouths, will tend to carry conviction to every 
mind, that a degrading process is for ever in action on 
the surface of the earth. The earth itself may be 
eternal, but the surface is continually undergoing mu- 
tation, from various causes, many of which we must 
briefly consider.* 

In regarding geological phenomena, the absence of 

^< Geological Researches: by Sir Henry De la Beche, C.B. 
(Degradation of Mountains, p. 167.) Geological Manual, p. ] 84. 
Principles of Geology ; by Sir Charles Lyell, 7th Edition, p. 
150, 686. On the Denudation of South Wales, and the adjai^ent 
countries of England; by Professor Andrew Kamsay; Memoii*s 
of the Geological Snrvey and Museum of Practical Geology, 
vol. i. p. 297. 
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any fossil remains has often been supposed to indicate a 
period previous to any organic formations. The inor- 
ganic constituents of matter are probably of prior origm 
to the (organic combinations ; the Tessdwaficanstructed^ 
upon which the oi^anic creation, was to float in space 
before any vital organisms were created. The supposed 
evidences in favour of the assumption that there was no 
organic life during the formation of the oldest rodks we 
know^ are in some re&qpects doubtful ; and we can weU 
understand that changes may have been induced in the 
e&rlier rods: formations^ by heat or by other powers^ quite 
sufficient to destroy all traces of organized forms. It 
was long thought that phosphoric add was not to be 
detected in rocks which are regarded as of igneous origin; 
and since this add is peculiarly a constituent of oi^anie 
bodies, this has been adduced asaproofthattheplutonic 
rocks must have existed previously to the appearance of 
TCgetable or animal life upon the sur&ce of the globe. The 
researches of modem chemists have, however, shown that . 
ldu)sphoric add is to be £>und in formations c^ granitic 
origin, in porphyry, basalt, and hornblende rocks.* K, 
th^rd^ire, we are to r^ard this substance as of orgamc 
orgin, the rational inference is against titie speculation ; 
but there is no more necessity for supposing phosphorus 
to be formed in the animal economy than in the mineral 
kingdom, fix)m which it will probably be found the 
animal obtained it. 

Without attempting to enter into any account of the 
apparent progress of life over the earth, it appears 
desirable that some description should be given of the 
kinds of plants and animala which we know to have 
existed at different epochs. We shall thus learn, at least, 
some of the prevailing characteristics of the earth durii^ 

* Fownes, On the Existence of Phosphoric Acid in Rocks of 
Jgnemts Origin ; Phil. Trans. 1844, p. 53. Nesbitt, Quarterly 
Journal efthe Chemkai Sodety. 
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its transitions^ and be in a better condition for applying 
our knowledge of physical power to the explanation o£ 
the various geological phenomena. 

Among the earliest races we have those remarkable 
forms^ the trilobites^ inhabiting the ancient ocean. 

These Crustacea bear some resemblance^ although a 
very remote one^ to the common wood-louse^ and^ like 
that animal^ they had the power of rolling themselves 
into a ball when attacked by an enemy. The eye of the 
trilobite is a most remarkable organ ; and in that of one 
species^ Phacops caudatus, not less than two hundred and 
£Ufty lenses have been discovered. This remarkable 
optical instrument indicates that these creatures lived 
under similar conditions to those which surround the 
Crustacea of the present day. 

At the period of the trilobites of the Silurian^ rocks^ 
all the animals contemporaneous with them had the 
organs necessary for the preservation of life in the 
waters. 

Next in order of time to tjie trilobite, the most singular 
animals inhabiting those ancient seas, whose remains 
have been preserved, are the Cephalopoda, possessing 
some traces of organs which belong to vertebrated 
aninials. There are niunerous arms for locomoiion and 
prehension, arranged in a centre round the head, which 
is famished with a pair of sharp, homy mandibles, 
embedded in powerful muscles. These prehensile arms 
are provided with a double row of suckers, by which the 
animal seized its prey. Of these cephalopodous animals 
there are many varieties, but all of them appear to be 
furnished with powers of rapid locomotion, and those 
with shells had an hydraulic arrangement for sinking 
themselves to any depth of the seas in which, without 
doubt, they reigned the tyrants. 

Passing by without notice the numerous fishes, which 
appear to have exhibited a similar order of progression 
to the other animals, we must proceed to the more 
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remarkable period when the dry land first began to 
appear. 

All the animals found in the strata we have mentioned 
are such as would inhabit the seas ; but we gradually 
arrive at distinct evidence of the separation of the land 
from the water, and the "green tree yielding seed^' 
presents itself to our attention ; not that the strata 
earlier than this are entirely destitute of any remains 
indicating vegetable growth, but those they exhibit are 
such as, in all probability, may be referred to marine 
plants. 

Those plants, however, which are found in the car- 
boniferous series are most of them distinguished by all 
the characteristics of those which grow upon the land; 
we, therefore, in the mutilated remains of vegetation left 
US in our coal-formations, read the history of our early 
world. 

Then the reed-like calamite bowed its hollow and 
fragile stems oyer the edges of the lakes ; the tree-ferns 
grew luxuriantly in the shelter of the hiUs, and gave a 
wild beauty to the humid valleys ; the lepidodendrons 
spread themselves in mighty forests along the plains, 
which they covered with their curious cones ; whilst the 
sigillarise- extended their multitudinous branches, wreath- 
ing like serpents amongst the luxurious vegetation, and 
embraced, with their roots (stigmarise), a most extensive 
space on every side.* 

The seas and lakes of this period aboimded with 
minute animals nearly allied to the coral animals, which 
are now so actively engaged in the formation of islands 
in the tropical and southern seas. During the ages 
which passed by without any remarkable disturbance of 

♦ On the Vegetation of the Carboniferous Period as compared with 
that of the present day ; On some peculiarities in the structure of 
Stigmaria : Remarks on the Structure and Affinities of some Lepi- 
dostrobi : by Dr. Hooker; Memoh'S of the Geological Survey, 
4fcc., vol. ii. pp. 387, 431, 440. 
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the sorfiu^e of the earthy the many bands of mountaiito 
limestone were formed by the ceaseless activity of these- 
minute architects. Encrinites (creatures in some respects^ 
resembling star-fish) existed in vast nmnbers in the 
oceans of this time ; and the great variety of bivalve 
shells, and those of a spiral character, discovered in the 
rocks of this period, show the waters of the newer palae- 
ozoic period to have been instinct with life. 

In the world then, as it does now, water acting on 
the diy land produ»9d remarkable changes. We have* 
evidence of extensive districts over which the most 
luxuriant v^etation must have spread for ages, — from 
the remains of plants in every state of decay, — which we- 
find went to form our great coal-fields. These, by some 
dbanges in Ae relative levels of land and water^ became 
covered with this fluid; and over this mass of decaying* 
organic matter, sand and mud were for ages being de- 
posited. At length, rising above the surfi&ce, it becomes- 
covered with vegetation, which is, after a period, sub- 
merged ; the same deposition of sand and mud again 
takes place, it is once more fitted for vegetable growth,, 
and thus, cycle after cycle, we see the dij land and the 
water changing places with each other. • This will be- 
evident to every one who will carefully contemplate a 
section of one of the coal-fields of Great Britain. We- 
find a stratum of coal lying upon a bed of undeiclay, and 
above it an extensive stratum of shale or sandstone, pro- 
bably formed by the denudation of the neighbouring 
hills ; and in this manner we have many strata of coal, 
shale, clay, ironstone, and sandstone alternating with 
each other ; the coal-formations of the South Wales coal- 
field having the extraordinary thickness of 1500 feet. 
The lowest bed of this extensive series must at one time 
have been exposed as the surfece of the country. 

Ascending in the series, we have now formations of a 
more recent character, in which fishes of a higher order 
of organization, creeping and flying saurians, crocodiles- 
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and lizards^ tortoiaes, serpents^ and frogs, are found. 
The lias formations (a term corrupted &om layers), con- 
sisting of strata in which an argillaceous character 
prevaBsj stand next in series. In these we have nniTif^^Va 
preserved in a fossil state, of a distinguishingly different 
'Character from those of the inferior strata. We meet 
with extended beds of pentaennites, some inches in 
thickness ; and thdr remains are often so very complete 
that every part of the skeleton can be made out, althdugh 
«o complicated that it cannot consist of less than 150,000 
parts. In these formations we often find the curiously 
beautiful remains of the ammonites, of which a greib 
variety have been discovered. Of the belemnites — 
animals ftimished with the sheU and the ink-bag of the 
cuttle-fish, with which it darkened the water to hide 
itself from enemies, numerous varieties have also been 
disentombed, with the ink-bag so well preserved, that 
the story of the remarkable fossil has been written with 
its own ink. In addition to these we find nautili ; and 
«ixty species of extinct fishes have been described by 
Agassiz from the lias of Lyme B^is alone. 

When these rocks were in the pn^ess of formation, 
there existed the ichthyosaurus^ or fish-lizard, which 
appears, in many respects, to have reeembled the croco- 
^e of the Nile. It was a predat(»y creature of enor- 
mous power, and must have been the tyrant and terror 
of the seas which it inhabited. Its alligator-like jaws, 
its powerftd eye, its fish-like fins, and turtle-like paddles, 
were all formed to facilitate its progress as a destructive 
minister. The plesiosaurus was, if possible, a still more 
•extraordinary creation. To the head of a lizard was 
united an enormously long neck^ a small and fish-like 
body, and the tail of a crocodile : it appears Ibrmed for 
existence in shallow waters, so that, when moving at 
the bottom, it could lift its head above the surface for 
jaxr, or in search of its food- The flora of this period 
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must have been extensive; and it resembled the yeg6t&^ 
tion which exists at present in Tropical r^ons. 

We pass now to a new epoch, which is well distin- 
gnished by its animals from all that had preceded 
it. Races of reptiles still have place upon the earth, 
and we have now the megalosaurian remains; these 
animals possessing a strength and rapacity which would 
render them objects of terror as well as astonishment, 
could they be restored to the world which they once 
ravaged. An enormous bat-like creature also e^sted 
at this time — ^the pterodactyl — ^which, in the language 
of Cuvier, was, *^ undoubtedly, the most extraor^aiy 
of all the beings of whose former existence a knowledge 
is granted to us, and that which, if seen alive, would 
appear most unlike anythiag that exists in the present 
world.'' '^ You see before you,'' says the same writer, 
'^ an animal which, in all points of bony structure, from 
the teeth to the extremities of the nails, presents the 
well-known saurian characteristics, and of which no one 
can doubt that its integuments and soft parts, its scaly 
armour and its organs of circulation and reproduction, 
are likewise analogous. But it was, at the same time, 
an animal provided with the means of flying ; tod, when 
stationary, its wings were probably folded back Uke 
those of a bird, although, perhaps, by the claws attached 
to its fingers, it might suspend itself from the branches 
of trees."* 

From the disintegration of the older rocks have no 
doubt arisen those formations which are known as the 
oolitic series. In these strata are preserved the remains 
of plants and animals more resembling those which now 
exist upon the earth ; and, for the first time, — ^unless 
the evidence of the footsteps of birds on the new red 

* See Owen, Quarterly Journal of the Geological Society, No. Cn 
p. 96. Dr. Buckland, Geological Transactions, vol. iii. p. 220 
The Wonders of Geology : by Dr. Mantell, vol. ii. p. 493. 
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sandstone of America be accepted, — ^we meet with the 
remains of the feathered tribes. 

In these formations we discover animals belonging to 
the class Mammalia, — the amphitherium and the phas- 
colotherium, — ^which appear to have resembled, in many 
respects, the marsupial animals of New Holland.* 

The wealden formations, which are the next in order 
of position, are a series of clays and sands, with sub- 
orcUnate beds of limestone, grit, and shale. These have, 
in some instances, been formed in the sea ; but they are 
usually regarded as fresh-water deposits. All the older 
rocks bear evident marks of marine origin, unless some 
of the coal-measure strata may be regarded as other- 
wise; but nearly all the wealden series contain the 
remains of land, fresh-water, and estuary animals, and 
of land vegetables. The creatures which we discover, 
preserved, to tell the history of this period, are nume- 
rous, and have marked peculiarities to distinguish them 
from those akeady described, or from any now existing 
on the earth. We find land saurians of a large kind, 
and animals of all sizes ; even insects, of whi<ih a great 
variety are found in the wealds. The remarkable 
iguanodon was an animal which, even by the cautious 
measurement of Professor Owen, miist have been at 
least twenty-eight feet long ; and this enormous creature 
was suspected, by Cuvier, and ha^ been proved by Owen, 
to have been an "herbivorous saurian for terrestrial 
life.^'t Di** ManteU calculates that no less than seventy 
individuals of the iguanodon of all ages have come 
under his notice ; and the bones of a vast number of 
others must have been broken up by the workmen in 

* Report on British Fossil Mammalia : by Eichard Owen, Esq., 
F.K.S. ; British Association Reports, vols. xi. xii. 

f Notice on the Iguanodon, a vewly discovered fossil reptile from 
the sandstone of Tiluate Forest, in Sussex : by Gideon Mantel), 
Esq , F.R.S., &c. ; Philosophical Transactions, vol. cxv. p. 179. 
On the Structure of Teeth, ^-c. ; by Professor Owen. 
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the few qiiames of Tilgate grit ; so that these creatures 
were by no means rare at the period of their existence.* 

The njqpermost of these secondary formations is the 
eretaceous or chalk gronp^ which spreads over a lai^ 
portion of south-eastern England^ and is metwitji in aJl 
parts of Europe. This chalky which is a carbonate- of 
hms, appears to have been slowly precipitated from 
tamquil water, as, according to Sir Henry Be la Beche, 
organic remains are beautifolly preserved in it. Sub- 
stances of no greater solidky than common sponges 
retoin their forma, delicate shells remain unbroken, fish 
eren are frequently not flattened^ and altogether we 
have the appearances • which justify us in concluding 
that, smce these organic exuviae were entombed^ they 
have been protected from pressure by the consolidation 
of the rock around tiliem.t 

Beneath the chalk exists what has been called^ from 
itv colour— derived from a silicate of the protoxide of 
iron, — green sand, and was, no doubt, formed by depo- 
sition from the same water in which the carbonate of 
lime was suspended, — ^the green sand falling to the 
bottom more readily from its greater specific gravity. 
" The tranquillity/' observes Sir Henry De la Beche, 
"whidi seems to have prevailed during this great 
accumulation of siliceo-calcaxeous matter^ whether it 
may have been a deposit from water, in which it was 
medianically suspended, partly the work of living 
creatures, or in a great measure chemical, is \'ery 
ramarkable.^'l 

In the chalk, the remains of the leaves of dicotyle- 
donous plants and fragments of wood are found more 
abundantly than in the earlier strata, many of which 

* Dr. Mantell, Wonders of Geology. Geology of the South-east 
of England. 

t OeBlogical Researches: Geological Manual; by Sir Henry 
Thos. De la Beche, C.B., &c. 

: Ibid. 
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are marked with the perforations of marine worms, 
indicating that they had floated for some time in the 
ocean. It should^ however, be remembered, that these 
are not the first indications of vegetable Mfe, — ^leaves 
have been found in the new red sandstone; and the 
flora of the coal formation must not be foi^tten. The 
manner in which dlica has deposited itself on organie 
bodies — such as the sponges — ^is curious ; the whole of 
the organized tissue being often removed, and flint 
having taken its place. Flints formed by such a process 
as this abound in the upper chalk. The association of 
<;arbon and silicon, comlnned with oxygen, as we find 
them in the cretaceous formations, is most interesting, 
and naturally gives rise to some speculation on the 
relation of these two dements. Both carbon and 
silicon, as has been already shown, exist in several 
allotropic conditions; and, although the statements 
made by Dr. Brown relative to the conversion of carbon 
into sUicon are proved to be grounded on experimental 
€rror, it is not improbable that a very intimate relation 
may exist between these elements.^ The probability is, 
that the sponge animal has the power of secreting silica 
to give strength to its form. ^'Many species,^' says 
Rymer Jones, speaking of recent spcmges, ^^ exhibiting 
the same porous structure, have none of the elasticity of 
the officinal sponge — ^a circumstance which is due to the 
difference observable in the composition of their 
skeletons or ramified frame-work. In such the living 
'Crust forms within its substance not only tenacious 
bands of animal matter, but great quantities of crystal* 

* Experimental Researches on the produetitm of Silicon from 
Paracyanogen : by Samuel Brown, M.D. ; Transactions of the 
Eoyal Society of Edinburgh, vol. xv. p. 229. Experiments on the 
Meged conversion of Carbon into Silicon : by R. H. Brett, Ph.D., 
and J. Denham Smith, Esq. ; Philosophical Magazine, vol. xix 
p. 295, New Series. See also Dr. Brown's reply to the above, 
ibid, p. 388. 
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lized spicula, sometimes of a calcareous^ at others of a 
siliceous, nature/' Thus, a frame of siliceous matter 
being formed by the living animal, a deposition of the 
same substance is continued after death. 

Sea-urchins and star-fish, and numerous fossil shells, 
are found in these beds, which, however, differ materially 
from the remains of the same animals found in the 
earlier formations. A vast number of new species and 
genera of fish are also discovered in the chalk. 

Nearly all the animals and plants which existed up to 
this period are now extinct, although they have some 
imperfect representatives at the present day. 

The uppermost group, which has been called the 
supercretaceous or tertiary formation, appears in our 
island to have been formed during four great eras, as 
we find fresh- water deposits alternating with marine 
ones. The term eocene^ which is the first or oldest 
deposit ; miocene, which is the second ; pliocene, which 
is the third ; and the newer pliocene, which is the fourth 
and last, have been applied to these formations, the 
names referring to the respective proportions of existing 
species found among their fossil shells.* 

All these formations show distinct evidence of their 
having been deposited from still or slowly-flowing deep 
waters. Thus the eocene appears in the Paris basin, — 
formed clearly at an estuary, in which are mingled some 
interesting fresh-water deposits; — in the lacustrine 
formations in Auvergne ; also at Aix ; and iu the north 
of Italy. It appears probable that, in the formations 
generally termed eocene, both fresh-water and marine 
deposits have been confounded, and several formations 
of widely-different eras regarded as the result of one. 
We have not yet been furnished with any distinct and 
clear evidence to show that the deposits of the Paris 

* Geology, Introductory, Descriptive, and Practical: by Prof 
Ansted, vol. ii. p. 22. 
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basin^ and those of Auvergne, are of the same age. 
At all, events, it is sufficient for our present purpose to* 
know that they are the result of actions which are now 
as general as they were when the plastic clay of Paris, 
and its sulphate of lime, or the London clay, were slowly 
deposited. 

As a general conclusion, we may decide that, at the 
eocene period, existing continents were the sites of vast 
lakes, rivers, and estuaries, and were inhabited by quad- 
mpeds, which lived upon their thickly-wooded margins. 
Many remains, alUed to those of the hippopotamus, have 
been found in the subsidences of this period. 

Examples of the miocene or middle tertiary era are 
to be found in Western France, over the whole of the 
great valley of Switzerland, and the valley of the Danube. 
In these deposits we find the bones of the rhinoceros, 
elephant, hippopotamus, and the dinotherium, an extinct 
animal, possessing many very distinguishing features.* 

The pliocene period has been termed the age of 
elephants, and is most remarkable for the great mas- 
todons and gigantic elks, with other animals not very 
imhke those which are contemporaneous with man. 

In the superficial layers of the earth, the diluvium, 
alluvium, peat and vegetable soil, we have a continuation 
of the history of the mutations of our globe and of its 
inhabitants, which has beenhereso briefly sketched. They 
bring us up to the period when man appeared in the 
world, since whose creation it is evident no very exten- 
sive change has been produced upon the surface. We 
have viewed the phenomena of each great epoch, marked 
as they are by new creations of organized beings, and it 
would appear as if, through the whole series, from the 

* The Wonders of Geology : by Dr. Mantell, vol. i. p. 162. 
Bridgewater Treatise : by Dr. Buckland. Dr. J. J. Kemp, and 
Dr. A. V. Klipstein, On the Dinotherium; Darmstadt, 1836. 
Cuvier and De felainville have also carefully described the fossil 
remains of this animal. 
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primary rocks up to the modern alluvial deposits^ a pro- 
greiBsiye improvement of the eardi's fimr&ce had been 
effected^ to fit it at last for the abode of the hninaa 
race. 

Thus have we preserved for us^ in a natural manner^ 
evidences which, if we read them aright, must convixice 
US that the laws by which creaticm has ever been n^u- 
lated are as constant and unvarying as the Eternal mind 
by which they are decreed. Our earth, we find, by the 
records preserved in the foundaticm-stones of her moun- 
tains, has existed through countless ages, and through 
them all exhibited the same active ^lei^es that prevail 
at the present moment By precisely similar influences 
to those now in operation, have rocks been formed, 
which, under like agencies, have been oov^ied with 
vegetation, and sported over by, to us, strange varieties 
of animal Hfe. Every plant that has grown upon the 
earliest rocks which presented their faces to the life, 
giving sun, has had its influence on the subsequent 
changes of our planet. Each trilobite, each saurian, 
and every one of the mammalia which exist in the fossil 
state, have been small laboratories in which the great 
work of eternal change has been carried forward, and, 
under the compulsion of the strong laws of creation, 
they have been made ministers to the great end of form- 
ing a world which might be fitting for the presence of a 
creature endued with a spark taken &om the celestial 
flame of intellectual life. 

For a few moments we will return to a consideration 
of the operations at present exhibiting their phenomena, 
and examine what bearing they have upon our know- 
ledge c^ geological formations. 

During periods of immense, but imknown, duration, 
Oud ocean and the dry land are seen to have changed 
their places. Enormous deposits, formed at the bottom 
of the sea, are lifted by some mechanical, probably 
volcanic, force, above the waters, and the land^ like the 
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ocean surrounding it, teems with life. This state or 
things lasts for ages; but the time arriyes when the 
ocean again floods the land^ and a new state of thu^, 
over a particular district, has a beginning. 

It must not be imagined that the changeswhidiwehaye 
spoken of, as if they were the result of slow decay and 
gradual deposit, were effected without occasional violait 
convulsions. Many of the strata which were evidently 
deposited at the bottom of the sea, and, of course, as 
horizontal beds, are now found nearly vertical. We 
have evidence of strata of immense thickness having^ 
been subjected to forces that have twisted and contorted 
them in a most remarkable manner. Masses of solid 
rock, many thousand feet deep, are frequently bent and 
fractured throughout their whole ^Ltent. Mountains^ 
have been upheaved by internal force, and immense 
districts have suddenly sunk far bdow their usual leveL 
By the expansive force due to that temperature whidi 
must be required to melt basaltic and trap rocks, th& 
whole of the superficial crust of a coimtry has been 
heaved to a great height, immense fissures have been 
formed by the breaking of the mass, and the melted 
matter has been forced through the opening, and over- 
flowed extensive districts, or volcanoes have been formed^ 
and wide areas have been buried under the ashes ejected 
from them. With the cause of these convulsions we- 
are at present unacquainted. 

We have evidence of the extent to which these forces 
may be exerted, in the catastro^es which have occurred 
within historical tunes, and which have haj^ned even 
in our own day. Herculaneum and Pompeii, buried 
under the lava and ashes of Vesuvius, in an hour when, 
the inhabitants of these cities were unprepared for such 
a fearfrd visitation,— the frightfrd eiuihquakes which 
have, from time to time, occurred in South America — 
are evidences of the existence of hidden forces which 
shake the firm-set earth. Similar ravaging catastrophes- 
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may have often occurred, and, involving cataclysms, 
swept the surface to produce the changes we detect over 
every part of the earth, compared with which the earth- 
quakes and floods of history are but trivial things. 
Evidence has been adduced, to show that the mountains 
of the Old World may have approached in height the 
highest of the Andes or Himalayas, and these have not 
been destroyed by any sudden effect, but by the slow 
disint^rating action of the elements.* All these 
phenomena are now in progress: the winds and the 
rains wear the faces of the exposed rock ; their debris, 
mixed with decayed vegetable and animal matter, are 
washed off from the surface, and borne away by the 
rivers, to be deposited in the seas. Thus it is that the 
great delta of the Ganges is formed, and that a continual 
increase of matter is going on at the mouths of rivers. 
The Amazon, the Mississippi, and other great rivers, 
bear into the ocean, daily, thousands of tons of matter 
from the surface of the earth.f This is, of course, de* 

He See Professor Eamsay's memoir On Denudation: Memoirs 
of the Geological Survey of Great Britain. 

f " The distances to which river water, more or less charged 
with detritus, would flow over seawater, will depend upon a variety 
of obvious circumstances. Captain Sabine founa discoloured water, 
supposed to be that of the Amazons, three hundred miles distant 
in the ocean from the embouchure of that river. It was about 
120 feet deep. Its specific gravity was = 1*0204, and the specific 
gravity of the sea-water = 10262. This appears to be the 
greatest distance from land at which river water has been detected 
on the surface of the ocean. If rivers, containing mechanically 
suspended detritus, flowed over sea-water in lines which, in general 
terms, might be called straight, the deposit of transported matter 
which they carried out would also be in straight lines. If, 
however, they be turned aside by an ocean current, as was the 
case with that observed by Captain Sabine, the detritus would be 
thrown, and cover an area corresponding in a great degree with 
the sweep which the river has been compelled to make out of the 
course, that its impulse, when discharged from its embouchure, 
might lead it to take : supposing the velocity with which this river- 
water was moving has been correctly estimated at about diree 
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posited at the bottom of the sea, and it must, in the 
process of time, alter the relative levels of the ocean 
and the land. Islands have been lifted by volcanic 
power from the bottom of the sea, and many districts 
in South America have been depressed by the same 
causes. 

Changes as extensive have been, in all probability^ 
eflfected by forces " equally or more powerful, but acting 
with less irregularity, and so distributed over time as to 
produce none of those interregnums of chaotic anarchy 
which we are apt to think (perhaps erroneously) great 
disfigurements of an order so beautiful and harmonious 
as that of nature.^'* These forces are, without doubt, 
even now in action. 

Had it not been for these convulsive disturbances of the 
surface, the earth would have presented an almost uni- 
form plain, and it would have been ill-adapted for the 
abode of man. The hills raised by the disturbances of 
nature, and the valleys worn by the storms of ages, 
minister especially to his wants, and afford him the. 
means of enjoyment which he could not possess had the 
surface been otherwise formed. The " iced mountain 
tops,^* condensing the clouds which pass over them, send 
down healthful streams to tfie valleys, and supply the 

miles per hour, it is not a little curious to consider that the agi* 
tation and resistance of its particles should he sufficient to keep 
finely comminuted solid matter mechanically suspended, so that it 
would not he disposed freely to part with it, except at its junction 
with the sea-water over which it flows, and where, from friction, 
it is sufficiently retarded. So that a river, if it can preserve a 
given amount of velocity flowing over the sea, may deposit no 
very large amount of mechanically suspended detritus in its course 
from the embouchure, where it is ultimately stopped. Still, how- 
ever, though the deposit may not be so abundant as at first sight 
would appear probable, the constant accumulation of matter, how- 
ever inconsiderable at anv given time, must produce an appreciAble 
efiect during the lapse of ages.**— Sir Henry De la Beche's Geo- 
logical Researches, p. 72. 
* Sir J. F. W. Herschel : Preliminarfi Treatise, 
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springs of the earth, thus secoring the £srtiliij and 
saluboriiy of the distant plains. Thesereritiesof dimate 
are mitigated by these oonditionSy and both the people 
of the tropics and those dwelling near the poles aie 
equally benefited by them. 

Gravitation^ cohesion, motion, chemical force, hictA, 
and electricity, mnst, from that hypothetical time when 
the earth floated a cloud of nebulons yapour, in a state 
of gradual condensation up to the present moment, have 
been exercising their powers, and regulating the mnta- 
tions of matter. 

When the dry land was beneatti the waters, and when 
darkness was upon the face of the deep, the same great 
operations as those which are now in progress in the 
depths of the Atlantic, or in the still waters of our 
inland lakes, were in fVill activity. At length Ihe dry 
land appears; and — ^mystery of mysteries — it soon 
becomes teeming witii life in all the forms at vegetable 
and animal beauty, under the aspect of the beams of a 
glorious sun. 

Geology teaches us to r^ard our position upon the 
earth as one far in advance of all former creations. It 
bids us look back through the enormous vista of time, 
and see, shining still in the remotest distance, the light 
which exposes to our vision many of nature's holy 
wonders. The elements which now make up this 
strangely beautiful fabric of muscle, nerves, and bone, 
have passed through many ordeals, ere yet it became 
fashioned to hold the human soul. No grain of matter 
has been added to the planet, since it was weighed in a 
balance, and poised with other worlds. No grain of 
matter can be removed from it. But in virtue of those 
forces which seem to originate in the sun, '^ the soul of 
the great earth,'* a succession of new forms has been 
produced, as the old things have passed away. 

Under the forces we have been considering, acting as 
so many contending armies, matter passes from (Hie 
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condition to another^ and what is now a living and a 
breathing creature, or a delicate and sweetly-scented 
flower, has been a portion of the amorphous mass whicli 
once lay in the darkness of the deep ocean, and it will 
again, in the progress of time, pass into that condition 
where no evidences of organization can be found, —again, 
perhaps, to arise clothed with more exalted powers than 
even man enjoys. 

When man places himself in contrast with the Intelli- 
gences beyond him, he feels his weakness; and the 
extent of power which he can discover at work, guided 
by a mysterious law, is such, that he is dwarfed by its 
immensity. But looking on the past, surveying the 
progress of matter through the inorganic forms up to 
the higher organizations, until at length man stands 
revealed as the chief figure in the foreground of the 
picture, the monarch of a world on which such elaborate 
care has been bestowed, and the absolute ruler of all 
things around him, he rises Uke a giant in the conscious 
strength of his far-searching mind. That so great, 
«o noble a being, should suffer himself to be degraded by 
the sensualities of life to a level with the creeping things, 
upon which he has the power to tread, is a lamentable 
spectacle, over which angels must weep. 

The curious connection between the superstitions of 
races, the traditionary tales of remote tribes, and the 
developments of the truths of science, are often of a 
very marked character, and they cannot but be regarded 
as instructive. In the wonders of " olden time^' fiction 
has ever delighted ; and a thousand pictures have been, 
produced of a period when beings Uved and breathed 
upon the earth which have no existence now. 

Hydras, harpies, and sea-monsters, figure in the myths 
of antiquity. In the mythology of the northern races 
of Europe we have fiery flying dragons, and Poetry has 
placed these as the guardians of the ^'hoarded spirit'^ 
AuA protectors of the enchanted gold. 

AA 
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Throogli the whole of the ramanoe period of Kiropeaiit 
literatcure^ nothii^ figures but aerpenta^ ''white and 
zed/' toiling and ftghtmg imdergroiind,'^-4kiiB ptodiwnig- 
earihqoakes^ as in the story of Merlin and the building 
of Stonehenge. ¥lyi]^ mansters^ griffins and others^ 
which now live only in ihe meaningieaB embdlisfameQts. 
of heraldry^ appear to have been conceived by the earlier 
races of men as the representatives of power. Cnrioas^ 
is it^ too^ to find the same class of ideas prevailing in 
tike East The monster dragons of the Chinese^ blasMmed 
on their standards and ornamenting their temples; — 
&e Buddaical superstition that the world is sa]^poited 
on a vast elephant, which stands on the back of « tor- 
toise, which again rests on a serpent, whose movements- 
produce earthquakes and violent convulsions ;— *tlie rude 
decorations abo of the temples of the Aztecs, which 
have been so recently restored to our knowledge by the 
adventurous travellirs of Central America^— all give 
expression to the same mythological idea. 

Do not these indicate a faint and shadowy knowledge 
of a previous state of organic existence? The process 
of communion between man of the present, and the 
Creations of a former world, we know not; it is. 
mysterious, and for ever lost to ns. But even the most 
Ignorant and uncnltivated races of mankind have figured 
for themselves the images of creatures which, whilst 
they do really bear some resemblance to things which 
have for ever passed away, do not, in the remotest 
degree, partake of any of the peculiarities of existing 
creations. 

The ichthyosaurus, and the plesiosanrus, and the 
pterodactylus, are preserved in the rude images of 
harpies, of dragons, and of griffins; and, although the 
idea of an elephant standing on the back of a tortoise 
was often laughed at as an absurdity. Captain Cautley 
and Dr. Falconer at length discovered in the hills of 
Asia the remaias c^ a tortoise in a fossil state of snch a 
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m& tisk an dlepkaitt tsmid eaeaij kare perfoermed the 

Of die aaaDmoiutes^ we Iiave more exact eridesee ; 
thef were observed hsr our fore&thers^ and called hy 
them 8ink&>stoiies. Accovdiiig to tibe l^ends of CatkcK- 
lic saints th^ were ecmeidered as pofisessmg a sacred 
cbaract^: — 

" Of these and snakes,^ each one 
Was changed into a cdil of stone 
When holy Hilda prayed." 

And in addition to tliis petrifying process, one of 
decapitation is said to liave been ^ectedj hence the 
reason why these snake-stoTus haye no heads. 

We also find, in the nOTthem districts of onr island^ 
that the name of St. Cothherf s beads'' is implied to 
the fossil remains of encrimtes. 

Thus we learn that, to a great ea^te&t, fiction is 
dependent upon truth for its crestioiis; and we see that 
when we come to inrestigate any wide-spread popular 
superstition, although mudi distorted l^ the medium of 
error through vrhidi it has passed, it |s firequently 
founded upon some firagmentary troth. There are float- 
ing in the minds of men certain ideas which are not the 
result of any associations drawu &om tUngs around ; 
we reckon them amongst the mysteries of our being. 
May they not be the truths of a former world, of which 
we receive the dim outshadowing in the present, like the 
faint lights of a distant Pharos, seen through the mists 
of the wide ocean? 

Man treads upon the wreck of antiquity. In times 
which are so long past, that the years between them 
cannot be numbered by the aids of our science, geology 

-I' Fauna Antigua Sivalensis. Being the Fossil Zoology of the 
Sewalik Hills in the North of India: hy Hugh Falconer and Prohy 
T. Cautley. 1844. 
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teaches us that forms of life eidsted perfectly fitted for 
the conditions of the period. These performed their 
offices in the great work ; they passed away, and others 
succeeded to carry on the pi^ocess of building a world 
for man. The past preaches to the present, and from 
its marvellous discourses we venture to infer something 
of the yet imveiled future. The forces which have 
worked still labour : the phenomena which they have 
produced will be repeated. 

Ages on ages slowly pass away, 
And nature marks tbeir progress by decay. 
The plant which decks the mountain with its bloom. 
Finds in the earth, ere long, a damp dark tomb : 
And man, earth's monarch, however great and brave- 
Toils on— to find at last a silent grave. 
The chosen labours of his teeming mind 
Fade by the light, and crumble 'neath the wind ; 
And e'ea the hills, whose tops appear to shroud 
^Their nanite peaks deep in the vapoury cloud. 
Worn by tempests — ^wasted by the rains, 
Sink slowly down to fill wide ocean's plains. 
The ocean s breast new lands again display, 
And life and beauty drink the light of day : 
The powers which work at great creation's wheel. 
Will from the wrecks of matter still reveal 
New forms of wondrous beauty — which will rise 
Pure as the flame of love's younfl^ sacrifice, 
Beaming with all the pristine hues of youth. 
Robed by the day, and crowned by holy truth. 
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CHAPTER XIV. 

PHENOMENA OF VEGETABLE LIFE. 

Psychology of Flowers — Progress of Matter towards Organiza- 
tion — ^Vital Force— Spontaneous Generation — The Vege- 
tahle Cell — ^Simplest Development of Organization— The 
Crystal and the Cell — Primitive Germ — ^Progress of Vege- 
tation — ^Influence of Light — Morphology — Germination- 
Production of Woody Fibre — ^Leaves— Chlorojjhylle— De- 
composition of Carbonic Acid — Influence of Light, Heat, 
and Actinism on the Phenomena of Vegetable Life — Flowers 
and Fruits — Etiolation — Changes in the Sun*s Kays with the 
Seasons — Distribution of Plants — ^Electrical and Combined 
Physical Powers 

The variety of beautiful forms which cover the surface 
of this sphere, serve, beyond the physical purposes to 
which we have already alluded, to influence the mind, 
and give character to the inhabitants of every locality. 
There are men who appear to be dead to the mild 
influences of flowers; but these sweet blossoms — ^the 
stars of our earth — exert a power as diffusive as their 
pervading odours. 

The poet tells us of a man to whom 

The primrose on the river's brim 
A yellow primrose was to him. 
And it was notliing more. 

But it was something more. He, perhaps, attended not 
to the eloquent teaching of its pure, pale leaves : he 
might not have been conscious of the mysterious singing 
of that lowly flower : he might, perchance, have crushed 
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it beneath his rude foot rather than quaff the draiiglit 
of wisdom whicli it secreted in its cell ; but the flower 
still ministered to that mere sensualist, and in \U 
strange, tongucless manner, reproved liis passions, mi 
kept him ''a wiser and a better mau,^' than if it 
had pleased God to have left the world without tk 
lovely primrose. 

The psychology of flowers has found many students— 
than whom not one read them more deeply than thit 
mild spirit who sang of the Sensitive Plant, and m 
wondrous nausie foreshadowed liife own meljiiu^lia^ 
fate.'f' That martyr to sensibihty, KeatSj who longed to 
fee! the flowers growing above him^ drew the strong 
inspiratiou of hie volant mnse from tliose delicate 
creations which exhibit the passag^e of inoi^anic matter 
into life ; and other poets will have then- sensibilities 
awakened by the aesthetics of flowers, and find a loirror 
of truth in the eryatal dew-drop which clings so lovingly 
to the purple violet^ and draws fi*esh beauties irom its 
coloured petals. 

If ire examine caie^illy all the conditions of matter 
which we ba^^ made the subject of oxir studies, Mt 
cannot but perceive how gradual is the progress trf tit 
involved action of the physical forces, as we advamoe 

from the molecule— the mere particle of matter up to 

the oiganic oombination. At first we detect only tk 
action of cohesion in forming the mde mass ; then we 
have the influenec of the crystallogeuic powers givoig 
a remarkable regularity to bodies ; we neact dis^sover (he 
influences of lieat and electrical force in determininfr 
condition, and of chemical action as controlled by thern^ 
Yet, still we have a body without organization. Light 
exerts its mysterious powers, and the same elements 
asunme an oi'g-ajiized form ; and, in addition to dif 
I recognized ageneieSj we dimly peanceivc oth*^^ om ifUdk 

* Berpy Byssbe Sbelley. 
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vitality evidently depends. These emp}Teal influences 
l:>ecQnie more and more complicated to U3 : ascending ia 
the scale, they rise beyond our scienee ; and^ at length, 
we find them guiding the power of intelligeiioe, while 
instmct and reason are exhibited in immediate dJepend- 
■ence upon them* 

Let it not be imagined that this view has toy tendency 
to materialism. The vital energy ia regaixled as a 
spiiitualization^ and reason as a divine emanation ; but 
they are connected with materialities, on which they 
act, and by wliieh tluey are themselves controlled. The 
organic combinations, and the physical powers by which 
these unions of matter are etfocted and retained, have a 
direct action over that ethereality which is life, and the 
powers of life again control these more material forces. 
The spirit, in whatever state, when connected with mat* 
ter, isj like Prometheus chained to his rock, in a conetaut 
struggle to escape from its shackles, and assert the Ml 
power of its divine strength. 

We have seen variety enough in the substances which 
make up the inorganic part of creation ; but infinitely 
more varied are the forms of organization. In the 
vegetable world which is immediately around us, from 
the green slime of our marshes to the lustrous flowers 
of our gardens and the lordly trees of our foi'ests, what 
an extraordinary diversity of form is apparent I From 
the infusoria of an hour, to the gigantic elephant roam* 
ing in his greatness in the forests of Siam — the noble 
lion of the caves of Senegal— the mighty condor of the 
Andes — and ouwanl to man^ the monarch of thciii all, 
how vast arc the diiferences, and yet how complete are 
they in theu* respective conditions ! In the creation we 
liave examined, we have had conclusive evidence, that 
from the conifaanation of atoms every peculiar form has 
been produced. In the creation we are about to 
examine, we shall discover that all the immense diversity 
of form, of colour^ and condition which is spread over 
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the world in the y^etable and animal kingdoms, results 
firom the combination of cells. The atom ci inorganie 
nature becomes a cell in oi^anic creation. This cell 
must be regarded as the compound radical of the chemist, 
and hy decomposing it, we destroy the essential element 
of oi^anization. 

With the" mysterious process by which the atom is 
converted into a cell, or a compoimd radical, we are un- 
acquainted ; but we must regard the cell as the organic 
atom. It is in vain that the chemist or the physiologist 
attempts to examine this change of the inorganic elements 
to an organized state; it is one of the mysteries of 
creation, which is to be, in all probability, hid from our 
eyes, until this "mortal coil'^ is shaken off, and we 
enjoy the fall powers of that intelligence which we 
are promised we shall enjoy in an immortal state. 

Again and again has the attention of men been 
attracted to the generatio isquivoca ; they have some- 
times thought they have discovered a generatio primiiiva 
or spontanea ; but a more careful examination of these 
organisms has shown that an embryo existed — a real 
germination has taken place. 

Count Rumford* stated that threads of silk and 
wool had the power of decomposing carbonic acid 
in water in the sunshine; and hence some have re- 
ferred organization to a mere chemical change pro- 
duced by luminous excitation ; and we have heard of 
animal life resulting from pounded siliceous matter. All 
such statements must be regarded as evidences of imper- 
fect investigation. 

Dr. Cams, alluding to the experiments of Gruithuisen, 
Priestley, and Ingenhousz,t says : — "These show, more 

* Experiments on the production of dephlogisticated air Jrom 
water with various substances: by Lieut-General Sir BeDJamlD, 
Count of Rumtbrd ; Phil. Trans., vol. Ixxvii. p. 84. 

t Experiments upon Vegetables, discovering their great power of 
purifying the common air in the Sunshine, and of injuring it in the 
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tlian any other experiments, that, in the purest water^ 
under the influence of air, light, and heat, beings are 
formed, which, oscillating as it were between the animal 
and the plant, exhibit the primitive germs of both king* 
doms/'* Treviranusf repeated, and appeared to con- 
firm these results ; but in these experiments we have no 
evidence that the germ did not previously exist in the 
spring-water which was employed. 

Some have regarded the cell as a crystal; they see 
the crystal forming, by the accumulation of atoms, into 
a fixed form, under the influence of an ''inner life;^^ 
and, advancing but a step, they regard the cell as the 
resiilt of an increased exercise of the physical in- 
fluences. J We have referred crystalline form to certain 
magnetic conditions ; and it is evident that the atomic 
cell is influenced by similar forces ; but if we place a 
crystal in its natural fluid, though it increases in size, it 
never alters in form : whereas, if we examine a cell in 

Shade and at Night j to which is joined, A new method of examining 
the accurute degrees of Salubrity of the Atmosphere^ by John Ingen- 
housz, Councillor of the Court, and Bodj Physician to their Im- 
perial and Eoyal Majesties, F.R.S., &c. London : printed for P. 
Elmsley, in the Strand, and H. Payne, Pall Mall, 1770. 

♦ The Kingdoms of Nature, their life and affinity : by Dr. C. G. 
Gams ; Scientific Memoirs, vol. i. p. 223. 

t In Biohgie, by G. K. Treviranus, vol. ii. p. 302, the following 
passage occurs : — ** If we expose spring water to the sun in open 
or even closed transparent vessels, after a few days bubbles rise 
from the bottom, or from the sides of the vessel, ana a green crust 
is formed at the same time. Upon observing this crust through 
a microscope, we discover a mass of green particles, genendly of a 
round or oval form, very minute, and overlaid with a transparent 
mucous covering, some of them moving freely, whilst others, per- 
fectly similar to these, remain motionless and attached to the sides 
of the vessel. This motion is sometimes greater than at others. 
The animalcules frequently lie as if torpid, but soon recover their 
former activity." 

♦ On the Structure of the Vegetable Cell: by Mohl.— Scientific 
Memoirs, vol. iv. p. 113. Outlines of Structural and Physical 
Botany : by Henfrey. 
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its natural pofition, it gives indicatioiis of nxitioii, it 
produces other cdk, aaul we have a derelopiae&t of 
oi^ans wfai<^ are in no rei^>ect ihe same in form, as 
the originaL From a reside floating mvisilile to 
the unaided human sense in its ivomb o^ fluids is pio* 
duced a plant possessing strange powers, or an anmal 
.gifted with -volition. The idea, that two Idbftda of 
polarity — ^li^ht on one side, and graTitatkm en Hie 
other — prodhoe the two pecuUar devdkipmesils of roots 
and brandies, can onljr be regarded as one of tlioae 
fanciful analogies which prove more imaginalioa than 
philosophy.* 

The conditions are, however, most curious ; ihey de- 
serve very attentive s<^dy ; but in exanmong ibe pheno- 
mena, the safest course is to allow the effiscts aa they 
arise to interpret to tis, and not admit ihe love o£ hypo- 
thesis to lead us into bewildering analogies ; or uncertain 
phenomena to betray us to hasty in£BK»ces. Itiaoftids 
evil that Bacon speaks, in liis "Advancement of Learn- 
ing." He says : — 

''T^ie root of tiius error, as of all others, is tins, 
Hiat men, in their contemplations of nature^ are 
accustom^ to make too timdy a departure, and too 
remote a recess iroaoa expenause and particulars, 
;and have yielded and resigned themselves over to 
the fames of their own fancies and popular argu- 
mentations.^ 

Wiiliout v^ituring, there&re, to speculate on the 
origin of the primitive cell, or unit of organic life, irUdi 
involves the pnjblem of the metamorphods of a rude 

* Di*. O&rus, in the menaoir already quoted, says : — " But ainoe, 
in the oiganization of the earth, ligiU and sir» as coostitutii^ s 
second integraot part^ stand opposai to gravitatioa, aad mm 
the plant bears a madon, not only to gravitation, but to light tlaa, 
when its formation is complete it will necessarily preeant a seemid 
anatomical system, nam^y, diat of the spiral Yeaae^ which faaye 
been very justly oonsidared, of late, as tha organs that perfonaa ia 
plants the functions of nerves." 
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mass — the primitiTe transfbrmadoiL of the Tudimeiitaiy 
atoms into organic fcfrm, — ^we must admit that the 
higfalj orgaDised plant or animal is but an aggregatim 
oi cdiB; their arrangement being dependent npon 
certain properties peciiiiar to tbem^ and the exercise of 
forces sadi as we have been studyiiig^ — a& isi which 
appear to act extesnally to liie plant or animal itsdf. 

Experiments have been brought forward^ in whieh 
it appeared itiMt, after all organisation whidi could by 
any podssibility have existed^ had been destroyed by liae 
ai^on of Sjte, scJntkms of flint and metallic salts^ 
have, under the influence of electric cnrrraits^ exhibited 
^dgns of organic formations^ and ihat^ indeed^ insects — 
a spedea of acari — ^have bem det^eloped in them. The 
expmments ivere said to have been made witheare^ and 
many precautions taken to shut out all chances of any 
error, but not all the precautions required in amatter ^ 
saeh. exceeding dd&»cy; and we are bound not to 
receive the evidence afforded as the true expression of a 
&ct widiout much fiorther investigation. All experience, 
— setting aside the experiment named, — is against the 
suppositaonthat pounded or dissolved ftint could by any 
artificial means be awakened into life. Ova may 
have been conveyed into ihe vesaeb whidi contained 
the solutions und^ experimeat; and in due time^ 
although possibly qnidLcned by electaic excitation. 
Hie animals — the most eonnnon of insects— came into 
existence.^ 

The rapid growth of eonfiervse upon water has oflten 
been brought forward as evidence of a spontaneous 
graieralioB, or the conversMm of inofganie elements into 
oiganiefarms ; but it has been most satis&eliorily^xyved 
that the germ must be present, otherwise no evidence of 

^ Mr. Crosse's Experiments Id ^he Jounud of the Londoa 
Electrical Society, and Mr. Weekes in the Electrical Magazine, 
aad a <eoiiiiaii]&lcati(m appended to Ewpkmations ? « Seqwel to tie 
VegUffes «/ the NetMtMl Hitimy ^ OrmAimL 
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anything like oi^anization will be developed. All the 
conditions required for the production of vegetable life 
appear to show^ that it is quite impossible for any kind 
of plants even the very lowest in the scale^ to be formed 
in any other way than from an embryo in wfaicb are 
contained the elements necessary foi; it^ and the arrange- 
ments required for the various processes which are con- 
nected with its vitality. 

The earth is now covered with vegetable life, but 
there must have existed a time when ^^ darkness was 
upon the face of the deep/^ and organization had not 
yet commenced tracing its lovely net-work of cells upon 
the bare surface of the ocean-buried rock. At length 
the mystery of organic creation began: into tiiis 
science dares not penetrate, but it is privil^ed to begin 
its search a little beyond this point, and we are 
enabled to trace the progress of organic development 
through a chain of interesting results which are con-* 
stantly recurring. 

If we take some water, rising from a subterranean 
spring, and expose it to simshme, we shall see, after a 
few days, a curious formation of bubbles, and the 
gradual accumulation of green matter. At first we 
cannot detect any marks of organization — ^it appears a 
slimy cloud of an irregular and undetermined form. 
It slowly aggregates, and forms a sort of mat over the 
surface, wluch at the same time assumes a darker green 
colour. Careful examination will now show the original 
corpuscles involved in a net-work formed by slender 
threads, which arc tubes of circulation, and may be 
traced from small points which we must regard as the 
compoimd atom, the vegetable unit. We must not 
foi^et, here, that we have to deal with four chemical 
elements, — oxygen, hydrogen, carbon, and nitrogen, 
which compose the world of organized forms, and that 
the water affords us the two first as its constituents, 
gives us carbon in the form of carbonic acid dissolved 
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in itj and that nitrogen is in the air surrounding it, and 
fipeqoently mixed i^'ith it alao. 

Under the influence of sunshinOj we have now seen 
these elements imiting into a mysterious bondj and the 
result is the formation of a cellular tissue, which pos- 
sesses many of the functions of the noblest specimens of 
vegetable growth. But let us examine tlie progress _ 
The bare surface of a rock rise^ above the waters 
covered over with this green slime, a mere veil of deli- 
cate net-work, which, drying oflp, leaves no perceptible 
trace behind it ■ but the basis of a mighty growth is 
there, and imder solar influence^ in the process of time, 
other changes occur. 

After a period, if we examine the rock, we shall find 
upon its face little coloured cups or lines with small 
hard discs. Tliese, at first sightj would not be taken for 
plants, but on close examination they will be found to be 
lichens. These minute vegetables shed their seed and 
die, and from their own remains a more numerous crop 
springs into life. After a few of these ehangeSj a sufficient 
depth of soil is formed, upon which mosses begin to 
develope themselves, and give to the stone a second 
time a faint tint of greenj a mere film still, but indicating 
the presence of a bcautiftil class of plants, which, under 
the microscope, exhibit in their leaves and flow^ers many 
points of singular elegance. These mosses, like the 
lichens, decaying, increase the film of soil, and others of 
a larger growth supply their places, and ruu themselvej* 
the same round of growth and decay. By and by, 
fiinguscs of various kinds mingle their little globes and 
umbrella-like forms. Season after season plants, perish 
and add to the soil, which is at the same time increased 
in depth by the disintegration of the rock over w^hich 
it is laid, the cohesion of particles being broken up by 
the operations of vegetable life. The minute seeds of 
the ferns floating on the breeze, now find a sufficient 
depth of earth for germination, and their beautiful 
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fironds^ eyentuaUy, waye in hpr^^anem io ike 
winds. 

Vegetable forma of a higher aod a higher order 
gradually succeed each other^ ead. aeries penduiip in 
due season^ and ginng to the aoiL additioml deicnti 
&r the growth of planti of their own species or tiiote ot 
others. Flowering herbs find a gennd home on tiie 
oooe bare rodL ; and the primrose pale^ the porple fine- 
gloTe^ or the gandy 'pofpy, open their flowen to the joy 
of light. The shmb, witii its hardy roots inlerlaeed 
through the soil, and binding the rery stoneat, grows 
rich in its bright greenery. Eventually the tree sparings. 
from the soil, and where once the tempest beat on t£e^ 
bare cold rock^ is now the lordly and brandling mosiarch 
of the foresty with its thousand leaves^ affordrng- shelter 
from the storm for tnrd and beast. 

Such are the eonditiona which prerail liiiou^ioiit 
nature in the progress of TegetaUe growth ; the green 
matter gathering cm a pond, the mfldew aoemmdatzng 
on a shaded wall, being the commencement of a pvoees 
which is to end in the derelopment of the giant trees of 
the forest, and the beautiiully tinted Sower of natme's 
most chosen spot. 

We must now consider closely the phenomena con- 
nected with the growth of an indiyidual plant,, which 
will illustrate the operation of physical ii^uenoes 
throughout the vegetable world. The process by which 
the embryo, secured in the seed, is developed, is our 
first inquiry. 

A seed is a highly carbonized body, consisting of 
integuments and embryo : between these, in most seeds, 
lies a substance called the albumen, or perisperm. The 
embryo contains the elements of the fixture plant — ^the 
cotyledons, the plumule, and the radicle; tiie fimner 
developing into stalk and leaves, {he latter into roots. 
This embryo hides the living principle, for the develop* 
ment of Tvhich it is necessary that the starch and glutei 
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tmdei^o a chemical change^ and that an eie?ation of ' 
temperature is poroduced. The vital power is dormant — 
it sleeps — in the seed until the proper eonditioiia are 
produced. It has been pvored^ that the pavers oi' 
maintaimng life in tl^ seed are rery great > exceasire 
cold, sufficiently intense to freeze mercury, will not kill 
seed, and they resist a comparatirely high temperature. 
It is probable that heat only destroys seeds by drying 
them too eompietdr|r. The temperature at which 
seeds germinate is exceedingly Taried^ — those belonging 
to our own chme will germinate when the thennomet^r 
rises alxnre 4GP ¥., bat the seeds of tropical {Janta 
demand that a temperature of from 70^ to 84^, oar eren 
to 90°, be steadDy applied to them. In some cases it 
has been found that eren botling the seeds has been 
advantageous to the fnture process of germination in 
the soil. But let us take Ihe seed of some ordinary 
plant, and trace its progress. 

An apparently d^ grain is placed in the schL If 
the tanperatore is a few d^rees above the freeaing point, 
and the soil holds a due quantity of water, the integument 
of ihe seed imbibes moisture and swells; the tissue is 
softened, and the first effort of vital force begins. The^ 
seed has now the power of decomposing wat^, the 
oxygen combines with some of the earbcMi of the. seed,, 
and is expelled as carbonic acid. Saussure's expeninente^ 
prove this. The abr above the soil in which a horse- 
bean was placed to germinate, gave, before the ex- 
periment^ nitrogen 210*26, and oxygen 56^29, and after 
germination, nitrogen 209'41, oxygen 44*S8, and car- 
bonic add 11*27. This part of the process is but little 
removed from the merely chemical chaEiges which we 
have already considered. We find the stardi of the 
seed changed into gum and sugar, which affords nutritive 
food for the developing embryo. The seed now 
lengthens downwards by the radicle, and upwards by 
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the cotyledons, whicli, as they rise above the earA, 
acquire a green colour. Here the first stage of vege- 
table life ends, the chemically exciting process is at an 
end, and a new stimulus is required to continue in full 
activity the vital powers. Carbonic acid is no longer 
given off. 

The cotyledons, which are two opposite roundish 
leaves, act as the lungs ; by them carbonic acid taken 
fi*om the atmosphere is absorbed and carried by a circa- 
lating process, now in fiill activity, throuffh the young 
plant. The carbonic acid, a compound of carbon and 
oxygen, is decomposed; it is deprived of its carbon, whidi 
is retained by the plant, and oxygen is exhaled. The 
plant at this period is little more than an arrangement 
of cellular tissue, a very slight development of vascular 
and fibrous tissue appearing as a cylmder lying in the 
centre of the sheath. At this point, however, we b^in 
more distinctly to trace the operations of the new 
power ; the impulses of life are strikingly evident. 

The young root is now lengthening, and absorbing 
from the moisture in the soil, which always contains 
some soluble salts, a portion of its nutriment, which is 
impelled upwards by a force — ^probably capillary attrac- 
tion and endosmose action combined — ^to the point from 
which the plumule springs. Capillary force raises the 
fluids through the tubes in the stalk, and conveys 
them to the veins in the leaves, while the endosmose 
force diffuses them through the vegetable tissues. The 
plumule first ascends as a Httle twig, and, at the same time, 
by exerting a more energetic action on the carbonic 
add than the cotyledons have done, the carbon retained 
by them being only so much as is necessary to form 
chlorophylle, or the green colouring matter of leaves, 
some wood is deposited in the centre of the radide. 
Prom this time the process of lignification goes on 
through all the fabric, — the increase, and indeed the 
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life, of tlie plant de()eDdiflg upon the development of 9, 
true leaf &Qm 'the plumule. 

It must not be imagiued that the jprooess consistSy in 
the first pkce^ of a mere ojodaJdam of the carboa in ihe 
seed^ — a slow combustion by which the spark of life is 
to be Hndled ; — ihe hydrog^i of the water plays an 
important part^ and, combining also with the <»rbon, 
forms necessaty compounds, and by a secondary pixv. 
<;ess gives rise again to water b^ combination with 
oxygen in the cells of the germmating grain. Ncht 
must we regard the second dajss c^ phenomena bb mere 
mechanical processes for decomposing carbonic add, but 
the result of the combined influences of all the physical 
powers and lih superadded. 

This elongating Utile twig, the pku^iule, at leogtii 
unfolds itsd^ and the branch is metamoiphcMhed into a 
leaf. The leaf aerates the sap it receives, effects the 
decomposition of ibe carbonic acid, the wator, and in all 
probability the ammonia which it derives from the aix^ 
an!d thus returns to the pores^ which oommunicai;e with 
the pneumatic arrangements of the plant, the necfessarj 
secretions £»r the formation of bark, wood, and the 
rarious proximaie principles which it contains. 

After the first formation of a leaf, others succesEavely 
appear, all constructed aUke^ and performing similar 
functions. The leaf is the principal organ to the tree; 
and, indeed, Linnaeus divined, and Goethe demonstrated, 
the beauti&l &ct, that the tree was developed firom tiub 
<;urioudy-lQnned organ. 

^'Keeping in view,'* says the poet-philosopher, "the 
observatians that have been made, there will be no 
difficulij in discovering the leaf in the seed-vessel, not<- 
withstanding the varid)le structure of that part and its 
peculiar combinations. Thus the pod is a leaf which is 
folded up and grown together at its edges, and the capsules 
consist of several leaves grown together^ and ihe oom- 

B B 
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pound fruit is composed of several leaves united round 
a common centre^ their sides being opened so as to 
form a communication between them^ and their edges 
adhering together. This is obvious from capsules which^ 
when ripe^ split asunder^ at which time each portion is 
a separate pod. It is also shown by different species 
of one genus, in which modifications exist of the prin- 
ciple on which their fruit is formed ; for instance, the 
capsule of niffilla orientalis consists of pods assembled 
tound a centre, and partially united; in nigilla damas^ 
cena their xmion is complete.'^* 

Professor Lindley thus explains the same view: — 
*' Every flower, with its peduncle and bracteolse, being 
the devel(qpment of a flower-bud, and flower-buds being 
altogether analogous to leaf-buds, it follows as a corol- 
lary that every flower, with its peduncle and bracteols^ 
is a metamorphosed branch. 

" And, further, the flowers being abortive branches, 
whatever the laws are of the arrangement of branches 
with respect to each other, the same will be the laws of 
the flowers with respect to each other. 

" In consequence of a flower and its peduncle being 
a branch in a particular state, the rudimentary or meta- 
morphosed leaves which constitute bractese, floral en- 
velopes, and sexes, are subject to exactly the same laws 
of arrangement as regularly-formed leaves.'^f 

The idea that the leaf is the principal organ of the 
plant, and that from it all the other organs are probably 
developed, is worthy the genius of the great Grerman 
poet. 

Every leaf, a mystery in itself, is an individual gifted 
with peculiar powers ; they congregate in families, and 
each one ministers to the formation of the branch on 



* Die Metamorphose der Pflanzen : Goethe, sect. 78. 
f Lindley 's Elements of Botany. 
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vWch it hangs^ and to the main trunk of the tree of 
which it is a member. The tree represents a world, 
every part exhibiting a mutual dependence. 

" The one red leaf, the last of its clao, 
That dauoes as often as dance it can ; 
Hanging so light and hanging so high, 
On the topmost twig that looks up at the sky/' 

• 

is influenced by, and influences, the lowest root which 
pierces the humid soil. Like whispering voices, the 
trembling leaves sing rejoicingly in the breeze and 
summer sunshine, and they tremble alike with agony 
when the equinoctial gale rends them from the parent 
stalk. The mfluences which pervade the whole, making 
up the sum of vital force, are disturbed by every move- 
ment throughout the system ; a wound on a leaf is 
known to disturb the whole, and an injury inflicted on 
the trunk interferes with the processes which are the 
functions of every individual leaf.* 

The consideration of the physical circumstances 
necessary to germination and vegetable growth, brings 
us acquainted with many remarkable facts. At a tem- 
perature below the freezing point, seeds will not germi- 
nate ; at the boiling point of water, a chemical change 
is produced in the grain, and its power of germinating 
is destroyed. Heat, therefore, is necessary to the de- 
velopment of the embryo, but its power must only be 
exerted within certain prescribed limits: these limits 
are only constant for the same class of seeds, they vary 
with almost every plant. This is apparent to every one, 
in the different periods required for germination by the 
seeds of dissimilar vegetables. 

The seed is placed in the soil; shade is always — 

* See the very curious experiments of C. Matteucci. Traduit 
«t extrait du " Cimento" — Archives des Sciences Physiques et 
Katurelles ; Quelques Experiences sur la Respiration des Plantes, 
Nov. 1846. 
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absolute darkness soioetuDes — Becesfiury fiir tihe 
of the germinating prooesa. We iuive seen that the 
first operation of nature is purely a d«iniral «ae^ b«^ 
this manifestation of affinity is due to an exertion of 
force^ which is direcdy dependent nponi soiar fvwer. The 
seed is buried in the e^^ when the genial 'eSxowers of 
springs and the increasing temperature of tilie earthy 
furnish the required conditions for this chemistry of 
life, and the plant ev6ni»aUy springs into Jgmwhinft. 
Thus we obtain evideDce that even tliioa^ some defOoL 
of soil the solar power^ whatever it majr be^ is fiffifical^ 
and that onder its eKcitement the first qoang of Uk, 
in the georm^ is e&cted. 

TSie cofyledoQs a&d the pbuBoi;^ bemg fanned^ the 
plant und^;goes a veiaarkaUe dbuange. The aeed^ lilie 
an animal, absorbed oxygen uad exhaled earbc»iic acid; 
the first leaF£fl aecrete earboa from caibesiic acid in- 
spired, and aend £ex^ as uaeless to the fdanty aa cxoeii 
of oxygen gas. 

Tlus power of decoanpoenig carbonic acid is a wital 
&nct]on which bdongs to the Jfaves and bark. U; 
has been stated, on the authority of liebig, that dnriiig 
the Jiight the plant acts only as a mere bundle of £bzei^ 
— ^that it allows of the circulation of <sarbonic acid and 
its evaporation unchanged. In hiseagemesB toau^port 
his ch^ical hypothesis of ra^iiratioii, the able ch^oist 
neglected to inquire if this w:as absohitely correct. The 
healthy plant never ceases to deoompose carbonic acid 
during one moment of its existaice ; but durii^ the 
niglit, when the excitement of lig^ is removed^ and the 
plant reposes^ its vital powers are at their miniiTnim of 
action^ and a much less quantity is deoffiDotpoBed than 
when a stimuiating sun^ by the actkm of its raji^ is 
compelling the exertion of every vital fimction. 

Ihiring this process^ we bave anoflier exaao^ of 
natural ozganic chemistry. The f oio* inorganic dements 
of which the vegetable kingdom is composed— -lu^geiv 
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liydrc^eiL^ mtrogen, and carbon — are absorbed as anr or 
xnoistnre by the leaves and throagk tbe roots^ and tbe 
great {^enovnenon of regetable hSd h the conversicm of 
these to an oorganic eoetdition. Sfigar and gtim are 
ccoastaDftljr prodnced^ and £pom these^ br ecmibination 
with atmospherie nitrogen^ a proteine eoBspoand is 
formed^ which is an essential element in the progress of 
devdopmcnt.* 

Plants growing in the Kght are beafrtifoUy green, the 
intensity of colouring increasing with the briDiancy of 
the hght. Those whidi are grown in the dark are etio- 
lated, their tissroes are weak and sncecdent, their leayes 
of a pale yrflow. It is, therefore, eyident that the for- 
mation of this chlorophylle — as the green colouring 
matter of leayes is called — ^resnUs from some action 
determined by ti^ sun's rays. 

ChlorophyUe is a carbonaeeons compound foarmcA in 
the leayes, serving, it would appear, many purposes in 
the process of ast^ooilation. In tibe dark the plant stiU 
requires carbon for its further development, ai^ growiz^ 
slowly, it removes it from the leaves, decomposiag the 
ddorophylle, and supports its weak existence by prqmg 
on 'parts of Yt» own struct tore, until at length, this beiag 
exhausted, it actually perishes of starvation. 

Plants idways turn towards the light : the guidmg power 
we know not, but the evidenee of some impulsive or at- 
tracting force is strong ; and the purpose for which they 
are constituted to obey it, is proved to be the dependence 
of vegetable existence upon luminous powrar. 

Light is not, however, alone sufficient to perfect the 
plant : another agent is required to aid in the production 
of flowers and fruits, and this power is proved to be 
heat — and heat, perhaps,, in some peculiar condition. 
Having reached that point of development when the 

* CimsuLt Rural Economif ^hj J. B^BoTELSsingtLVilt; The CAemical 
and Physiological Balance of Organic NaturCy hy^ Dumas and 
Boussinganlt ; and Jgrtcultural dentistry, by Liebig. 
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reproductive functions are, by another change ixk the 
chemical operations going on within the v^etable 
structure, to be called forth, it has been found that ibs 
heat rays become in a remarkable maoner effective. It 
has also been observed that plants bend firom the red, 
or calorific rays, instead of towards them, as they are 
foimd to do to every other ray of the spectrum. From 
this we may argue that the influence of these rays is to 
check the vegetation, and thus to ensure the perfection 
of the reproductive processes. 

It has already been stated that we have the noeans of 
separating, to a considerable extent, the three principles 
which we discover in the sunbeam, &om each other, by 
the use of absorbent media. 

By a peculiar yellow glass we cut off the chiemical 
principle of the sunbeam, and admit the passage of the 
luminous rays only — Light. 

By a cobalt blue glass we obstruct the Ught, but 
allow the chemical agent to pass through freely, witibout^ 
indeed, any loss— Actinism. 

By a glass coloured deep blood-red by oxide of gold 
we obstruct the chemical principle and much of the 
light, but such a medium is perfectly transparent to 
Heat. 

Therefore, this gives us the means of experimenting 
with either of these principles, and of examining the 
parts which they respectively play in the work of 
organization. 

Some seeds being placed in the soil, in every respect 
in their natural conditions, duly supplied with moisture, 
and a uniform and proper temperature maintained, we 
place above the soil the three media above named, and 
allow one portion to be exposed to all the ordinary 
influences of the solar rays. 

The result will be, that the seeds under the blue glass 
will germinate long before those which are exposed to 
the combined influences of the sunshine : a few of the 
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seeds will struggle into day under the red glass, but the 
process of germination is entirely checked under the 
yellow ^lass. Here we see that the chemical radiations 
have quickened the chemical changes, and accelerated 
the process, under the red glass, through which rays 
having some peculiar chemical action pass ; the germi- 
nating process, though checked, is not entirely stopped. 
Whereas, it would appear that under the influences of 
light which has been deprived of chemical power, this 
conversion of the starch into gum and sugar, which 
appears to be necessary, is entirely prevented. 

If the experiment is continued, it will be found, that 
under the blue glass the plants grow rapidly, but weakly ; 
and that instead of producing leaves and wood they 
consist chiefly of stalk, upon which will be seen here 
and there some abortive attempts 4o form leaves. 
When the process of germination has terminated, if the 
young plant is brought imder the yellow glass, it grows 
most healthfully, and forms an abundance of wood, the 
leaves having an imusuaily dark green colour, &om the 
formation of a large quantity of chlorophyDe. Plants 
do not, however, produce flowers with reaidiness under 
this medium; but if, at the proper period, they are 
brought under the red glass, the flowering and fruiting 
processes are most eflFectively completed.* 

* The practical value of the discovery now described, wDl bo 
best understood from the following letter from Mr. Lawson, of 
Edinburgh :— 

Edinburgh, 1, Qeorge the Fourth's Bridge, 
Sept. 8, 1853. 

My dear Sib, — I am favoured with yours of the 5th, relative 
to my practical experience in the effect of the chemical agency of 
coloured media on the germination of seeds and the growth of 
plants. 

I must first explain that it is our practice to test the germi> 
iiating powers of all seeds which come into our warehouses before 
we send them out for sale ; and, of course, it is an object to dis- 
<cover» with as little delay as possible, the extent that the vital 
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These experiments, sample as they arc^ prore to ns- 
the importancer of light: the luminans prmcqfle of the 
snnbeam is exciting the vital powers rf'the plant to 
decompose carbonic acid ana form wood ; and tiie 
calorific agent^ possibly mider those modifications whidi 
have already been noticed as belonging to the para- 
thennic rays^ is essential to the production of flower and. 
firuit. 

Observations^ which have been extended over many 
years, prove that with the seasons these solar powers are,. 

principle is active, as the valve eomes to be depreciated in the 
ratio it is found to be dormant For instance, i£ we sow 100 
seeds of any sort, and the whole| germinate, the seed will be the- 
highest current value ; but if oiUy 90 germinate, its value is 10 
per cent, less; if 80, then its valne faHs 20 per cent. 

I merely give this detail to show the practical vahie of ibis- 
test, and the influence it exerts on the fiuotuati(» of prices. 

Our usual plan formerly was to sow the seeds to he tested in a 
hot-hed or frame, and then watch the progress and note the results. 
It was usually from eight to fourteen days hefore we were in a 
condition to decide on the commercial value of the seed rmder 
trial. 

My attention was, however, directed to your excellent woric, 
" On the Physical Phenomena of Nature," about five years ago,, 
and I resolved to put your theory to a practical test I accordingly 
had a case made, the sides of which were formed of gfass coloured 
blue or indigo, which case I attached to a small gas stove for 
engendering heat ; in the case shelves were fixed in the inside, on 
whidik were placed ^oaall pots wherein the seeds to be tested were- 
sown. 

The results were all that could be looked for : the seeds fireely 
germinated in from two to five days only, instead of from eight to- 
fourteen days as beforiB. 

I have not carried our experiments beyond the geimination of 
seeds, so that I cannot afford practical information as to the efiect 
of other rays on the after culture of plants. 

I have, however, made some trials with the yellow ray in pre- 
venting the geiinination of seeds, which have" been successful; 
and I have always found the violet ray prejudicial to the growth 
of the plant after gennination.--I remain, my dear Sir, 
Very faithfully yours, 

Charles Lawson. 
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reiatiyeljto each otiter^ subject to aninteresthig change. 
In the springs the setinic oor chemical power prevalb^ 
and dixring 'this period its agency is required for the 
litalization of the germ. As the summer comes on^ 
the actime rays dimmish^ ajkd those of light increase* 
Perhaps it woold be more sbrictlj correct to say that 
the himiooos intenflil7 being increased, the chemical 
power was retarded ; the fanner expresinon implies a 
Yariation in quantity^ which may not be correct. We 
see the necessity for this^ since hmiinoas power is re- 
quired for the secretion of the carbon, with which the 
woody fibre is formed^ and also for the elaboration of 
the proximate prindirites of the plant. Autmnn, the 
season of frait^ is characterized bjr an increase of the 
heat rays,, and a diminotion of the others : this change 
being necessary, as science now teaches us> for the due 
production c^ flower and firuit. 

The calorific rays of the solar beam, to which the 
antamnal phenomena of T^etation appear particularly 
to belong, are of a peculiar character* Th^ have been 
called ti^e Parat}iermic rays, and exhiUt a curious 
compound nature. To these rays we may r^r the 
ripening of firuit and grain, and the browning of the leaf 
before its fall. May not the rise of the sap in qoring^ 
be traced to the ezcxtement of dther light or actinism,, 
and its recession, in the autumn, to that power from 
which the plant is found to bend, and which appears to 
be their modified form (rf heat ? 

There can be no doubt that the rarieties of climate 
and the peculiarities of countries, as it regards their 
animal and vegetable productions, are dependent on the 
same causes. The distribution of species has been 
referred by some to specific centres of creation around 
which the plants and animals have spread, without 
reference to physical conditions. Although centres of 
creation may be admitted, these centrjes themselves 
have been determined by the physical fitness of each 
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centre to the conditions of the creation^ and in like man- 
ner the migration of tribes is solely due to these 
physical forces we have been considering. In every 
zone we find that vegetable organization is peculiarly 
fitted for the considerations by which it is surroundedL 
Under the equator we have the spice-bearing trees^ the 
nutmegs the clove^ the cinnamon^ and the pepper-tree ; 
there we have also the odoriferous sandal^ the ebony, 
the banyan, and the teak : we have frankincense, and 
myrrh, and other incense-bearing plants; the coffee- 
tree, the tea-plant, and the tamarind. 

A little further north we have the apricot, the citron, 
the peach, and the walnut. In Spain, Sicily, and Italy, 
we have the orange and lemon-tree blooming rich with 
perfume, and the pomegranate and the myrtle growing 
wild upon the rocks. Beyond the Alps the vegetation 
again changes ; instead of the cypress, the chesnut, and 
the cork-tree, which prevail to the south of them, we 
have the hardder oak, the beech, and the elm. Still further 
north, we have the Scotch and spruce fur and larch. 
On the northern shores of the Baltic, and in that line of 
latitude, the hazel alone appears ; and beyond this the 
hoary alder, the sycamore, and the mountain ash. 
Within the Arctic circle we find the mezereum, the 
water-lilies, and the globe-flowers; and, when the 
weakness of the solar radiations becomes too great even 
for these, the reindeer moss still lends an aspect of 
gladness to the otherwise sterile soil. 

The cultivation of vegetables depends on the tem- 
perature of the clime. The vine flourishes where the 
mean annual temperature ranges between 50° and 73°, 
and it is only cultivated profitably within 30° S. and 50° 
N. of the equator. To the same limits is confined 
the cultivation of maize and of olives. Cotton is grown 
profitably up to latitude 46° in the Old World, but only 
up to 40° in the New. We have evidence derived team, 
photographic phenomena, that the constitution of the 
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fiolar rays varies with the latitude. The eflfects of the 
«un^s rays in France and England in producing chemical 
change are infinitely more decided than^ with far greater 
splendour of lights they are found to be in the lands 
under or near the equator. Indeed^ the remarks made 
on the variations in the character of the sunbeam with 
the changing seasons, may apply equally to the variations 
in latitude. 

Fungals are among the lowest forms of vegetation, but 
in these we have peculiarities which appear to link them 
with the animal kingdom. Marcet found that mush* 
rooms absorbed oxygen, and disengaged carbonic acid. 
In all probability this is only a chemical phenomenon 
of a precisely similar character to that which we know 
takes place with decaying wood. In the conversion of 
wood into humus^ oxygen is absorbed, and combining with 
the carbon, it is evolved as carbonic add. Of course we 
have the peculiar condition of vitality to modify the 
effect, and we have, too, in this class of plants, the ex- 
istence of a larger quantity of nitrogen than is foimd in 
any other vegetating substance. 

These few sketches of remarkable phenomena con- 
nected with vegetation are intended to show merely the 
operations of the physical powers of the universe, so far 
«s we know them, upon these particular forms of 
organization. During the process of germination^ 
electricity is, according to Pouillet, evolved; and again, 
in ripening fruits, there appears to be some evidence of 
electrical currents. Vegetables are, however, in the 
growing state, such good conductors of electricity, that 
it is not, according to the laws of this force, possible 
that they should accumulate it ; so that the luminous 
phenomena stated to have been observed cannot be due 
to this agency. We know, however, that under every 
•condition of change, whether induct by chemical or 
calorific action, electricity is set in motion; and we 
have reasons for believing that the excitation of light 
will also give rise to electrical circulatioiu 
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The qnestioQy whetlier i^bnta p08ses» sessatkiii, 
whether ihej have anj diqK)ritian of pasrta at alt 
snalogaas to the neryoos syvtem of animals^ has been 
often pfut forward^ but as yet the answeis Ime hccn 
nxnatis&etory. The point is one irdQ worthy ail Ae 
attention of the v^etable physk)log]st ; hat icgarding 
pkoits as the link between the animal and the siiiierat 
kingdom^ — ^looking upon phyto-chemistry^ as exUbited 
by tiiem^ as the means emjriioyed to produce tiioae nciore 
complex organimtions whidi exist in animals^ — ^we 
neo^sarily ocmsider jdants as mere natural machines 
for effisctii^ organic arrangements^ and^ aa siicb^ that 
they cazmot possess any nenrous sensibility. Muscular 
contraction may be re[H*e8ented in many of tineirmanrel- 
lous arrangements ; and any disturbance pro du ced by 
natural or artificial means would consequently effect a 
change in the operations of those forces whicjbb conabine 
to produce vegetable life. Indeed^ the experiments <^ 
Carlo Matteucet^ already referred to^ prove that an 
incision across a leaf^ the finacture of a branchy or the 
mere bruising of any part of the plasty interferes with 
the exercise of that power which, under the operation of 
luminous agency, decomposes carbonic acid, and effects 
the assimilation of the other elements. 

To recapitulate. A plant is an organized creation ; it is 
so in virtue of certain strange phyto-chemical operations, 
which are rendered active by the solar influences 
involved in the great phencwaena of light, and by the 
excitati(m (rf caloric force and electrical circulation. It 
ia a striking exemplification of the united action of 
certain empyreal powers, which give rise to the com- 
bination of inorganic principles under such forms that 
they become capable of obeying the mysterious impulses 
of Kfe. 

The poet has imaged the agency of external powers in 
various shapes of spiritualized beauty. From the god- 
dess Flora, and her attendant nymphs, to the romantic . 
enchantress who called up flowers by the light touch of 
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ber wajid, we ha^e, in all these oreattons, fopeakadowingB 
of tke disecwerj of tboae powers whidi scieiioe iaasd^own 
are essential to vegetable life. A power tpom wiitMmt 
infiu^ices the piaat ; but the aauzoal ifi dqpeodeat upon 
a higher agency whkh is poteiJt within him. 

"Ehe poet^s dieajn pleases the imngJnatiTe miaid; and, 
associating in our ideas all that is graoefiil and hnmMe 
in the female form, wilh ihat ^dner feeling which 
impresses the -scNil with the sense <tf some miseaa 
spirituality^ we peroeive in the goddess, the eadbantxesa, 
or the sylph, pure idealizations of the physical powers. 
The spirit floating over these forms of beauty, and 
adorning them with aU the richness of colour — ^painting 
the rose, and giving perfume to the violet — ^is, in the 
poet^s mind, one which ascends to nearly the highest 
point of etherealization, and which becomes, indeed, to 
him a spirit of light ; they ride upon the zephyrs, and 
they float, in all the luxury of an empyreal enjoyment, 
down to the earth upon a sunbeam. Such is the work 
of the imagination. What is the result of the search of 
plodding science after truth ? The sunbeam has been 
torn into rays, and every ray tasked to tell of its 
ministry. 

Nature has answered to some of the interrogations ; 
and, passing over all the earth, echoed from plant to 
plant, we have one universal cry proclaiming that every 
function of vegetable life is due to the spirits of the 
sun. 

The mighty Adansonia of Senegal, hoary with the 
mosses of five thousand years, — the Pohon upas in their 
deadly valleys, — the climbing lianas of the Guiana 
forests, — the contorted serpent-cactus on the burning 
hills, — the oaks, which spread their branches in our 
tempered climes, —the glorious flowers of the inter- 
tropical regions, and those which gem our virent plains, — 
the reindeer lichen of northern lands, and the confervse 
of the silent pool, — ^the greatest and humblest creationr 
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of fhe vegetable worlds — all proclaim their direct 
dependence upon the mysterious forces which are bound 
together in the silver thread of Light. 

These undulations^ pulsations too refined for mortal 
ears^ which quicken and guide these wonderful organ- 
isms^ may be indeed r^aided as sphered music for ever 
repeating the Divine command^ ^\Let there be Light y* 
by the creation of which^ a dark and dreary chaos was 
moulded into a star of beauty^ capable of radiating bright- 
ness to other space- wandering worlds. 
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CHAPTER XV. 

PHENOMENA OF ANIMAL LIFE. 

Distinction between the Kingdoms of Nature— Progress of Ani- 
mal Life — Sponges — Polypes — Infusoria — Animalcula — 
Phosphorescent Animals — Annelidans — Myriapoda — Ani- 
mal Metamorphoses — Fishes — Birds — Mammalia — Ner- 
vous System — Animal Electricity — Chemical Influences — 
Influence of Light on Animal Lite— Animal Heat — Mecha- 
nical Action— Nervous Excitement — Man and the Animal 
Baces, &c« 

*' A STONE grows ; plants grow and live ; animals grow, 
live^ and feel.^' Such were the distinctions made by 
Linnseas^ between the conditions of the three kingdoms 
of nature. We cannot, however, but regard them as 
in all respects illogical. The stone — b, solid mass of 
unorganized particles — enlarges, if placed in suitable 
conditions, by the accretion of other similar particles 
around it ; but it does not, according to any meaning 
in which we use the word, ^ow. Plants and animals 
grow ; and they differ, probably, only in the phenomena 
of sensation. Yet, the trembling mimosa, and several 
other plants, appear to possess as much feeling as 
sponges and some of the lower classes of animals. By 
this definition, however, of the celebrated Swedish 
naturalist, we have a popular and simple expression of a 
great fact. 

As we have only to examine the question of the 
agency of the physical forces upon animal life, we must 
necessarily confine our attention to the more striking 
phenomena with which science has made us acquainted : 
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and, having briefly traced the apparent order in which 
the advance of organization proceeded, we must direct 
our few concluding remarks to the physico-physiological 
influences, which we must confess to know but too 
imperfectly. 

We learn that, during the atotes of progress which 
geology, looking into the arcana of time, has made us 
acquainted with, a great variety of animal forms were 
brought into existence. They fived their periods. The 
-conditions of the suxSauce of the earthy the sea, or th« 
atmosphere, were altered ; and, no longer Sttei. finr the 
enjoyments of the new life, these races passed awajr^ and 
otha^s ooeupied their places^ which, in torn, went 
through an the stages of growth, maturity, and decay ; 
untQ at length, the earth being constituted tar the 
abode of the highest order of animals, they weee called 
into existence ; and man, the intellectual monarch of 
the world, was placed «ip'eme imongd; tbem aUL Types 
of neadj all those forms of life whidb' are fimnd in de 
fossil state are now in existence; and if we exajuine tiie 
geographical distribution of ammals — lite JEoneB of 
elevation over the surface of the earth, and the zones of 
depth in the ocean, — ^we shall find, now existing, animal 
creations strikingly analogous to the primitive fcMnos 
and conditions of the earth^s inhabitants. IVool Hub 
depths of the ocean we may even now study— ^aa that 
most indefatigable naturalist^ Professor Sdward Forbes^ 
has done — the varying states of organisation under the 
drcumstances •of imp^c^ect light and varying tem- 
perature.* 

The gradual advance of animal life in the aaeending 
strata has led to many speculations, ingeniMia and 

* Reporit if the Fmma tif the JBgemt : by Professor Forbes.— 
B«|»orts of the British Association. 0% the PhymetU ComMitms 
^ectmg the Distribution cf Itft in the Sea and the Mmoqtkert^ 4rc. : 
by Dr. Williams. Swansea. 
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refined, on the progressive development of animals. 
That the changes of the inorganic world have impressed 
new conditions on the organic structures of animals, to 
meet the necessities of their being, must be admitted. 
Comparative anatomv has demonstrated that such sup- 
posed differences reidly existed between the creatures of 
secondary formations — those of the tertiary and the 
present periods. It has been imagined, but upon de- 
batable foundations, that the atmosphere, during the 
secondary periods, was highly charged with carbonic 
acid ; and, consequently, that though beneficial to the 
growth of plants, and peculiarly fitted for the conditions 
required by those which the fossil flora makes us ac- 
quainted with, it was not adapted to support any animals 
above the slow-breathing, cold-blooded fishes and reptiles. 
Under the action of ti^e super-luxuriant vegetation of 
these periods, this carbonic acid is supposed to have been 
removed, an addition of oxygen furnished ; and thus, 
consequently, the earth gradually fitted for ike abode of 
warm-blooded and quick-breathing creatures. We do, 
indeed, find a very marked line between the fossil 
remains of the lias formations which enclose the 
saurians, and 'the wealden, in which birds make their 
appearance more numerously than in any previous for- 
mation. 

Founded upon these facts, speculations have been put 
forth on the gradual development of animals &om the 
lowest up to the highest orders. Between the polype 
and man a continuous series has been imagined, eveiy 
link of the chain being traced into connection with the 
one immediately succeeding it; and, through all the 
divisions, zoophytes, fishes, amphibia, reptiles, birds, and 
mammalia are seen, according to this hypothesis, to be 
derived by gradual advancement from the preceding 
orders. The first having given rise to amphibia, — ^thje 
amphibion gives birth to the reptile, — the reptile ad- 
vances to ^e bird, — and from this class is developed the 

c c 
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mammal. A slight investigation will convince us that 
this view has no foundation. Although a certain re- 
lationship may be found between some of the members 
of one class, and those of the other immediately joining 
it, yet this is equally discovered to exist towards 
classes more remote from each other ; and in no one 
instance can we detect anything like the passage of an 
animal of one class into an animal of another. Until 
this is done, we cannot but regard the forms of animal 
life as distinct creations, each one fitted for its state of 
being, springing from the command of Ihe great First 
Cause.* 

But it is time to quit these speculative questions, and 
proceed to the examination of the general conditions of 
animal Ufe at the present time. 

Lowest in the scale of animals, and scarcely distin- 
guishable from a vegetable, we find the sponge, attached 
to and passing its Ufe upon a rock, exlubiting, indeed, 
less signs of feeling than many of the vegetable tribes. 
The chemical dift'erences between vegetables and sponges 
are, however, very decided ; and we find in the tissues 
of the sponge a large quantity of nitrogen, a true animal 
element, which exists^ but in smaller quantities, in 
vegetables. 

These creations, standing between vegetable and 
animal life, possess the singular power of decomposing 
carbonic acid, as plants do ; and the water in which they 
hve always contains an excess of free oxygen. 

The polypes are a remarkably curious class. " Fixed 
in large arborescent masses to the rocks of tropical seas, 
or in oiu" own climate attached to shells or other sub- 
marine substances, they throw out their ramifications in 
a thousand beautifiil and plant-like forms ; or, incrusting 
the rocks at the bottom of the ocean with calcareous 
earth, separated from the water which bathes them, they 

* The Vestiges of the Natural History of Creation. 
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silently build up reefs and shoals, justly dreaded by the 
navigator; and sometimes giving origin, as they rise 
to the surface of the sea, to islands, which the lapse of 
ages clothes with luxuriant verdure, and peoples with 
appropriate inhabitants/^* 

Most of the polypes are fixed and stationary ; but the 
hydra and some others have the power of changing their 
positions, which they do in search of the light of the 
Sim. They do not appear to have organs of sight re- 
quiring light ; but still they delight in the solar influences. 
The most extraordinary fact connected with the hydra 
is its being multiplied by division. If an incision be 
made in the side of a hydra, a young polype soon de- 
velopes itself; and if one of these creatures be divided, 
it quickly restores the lost portion of its structure. The 
varieties of the polypes are exceedingly numerous, and 
many of them are in the highest degree curious, and 
often very beautiful. The actiniae, like flowers, appear 
to grow from the rocks, unfolding their tentacula to the 
light ; and, in the excitement due to their eagerness for 
prey, they exhibit a beautiful play of colours and most 
interesting forms. Microscopic zoophytes of the most 
curious shapes are found, — aU of which attest, under 
examination, the perfection of all created things. 

Infusoria and animalcula, — animals, many of them, 
appearing under the microscope as little more than a 
transparent jelly, — must be recognized as the most 
simple of the forms of life. They exist in all waters 
in imcountable myriads ; and, miunte creatures as 
they are, it has been demonstrated that many of the 
great limestone hills are composed entirely of their 
remains. 

The acalephse, or the phosphorescent animals of the 
ocean, are no less curious. From creatures of the most 

* General Outline of the Animal Kingdom : by Professor Thomas 
Rymer Jones, F.Z.S, 
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xninute size; they extend to a considerable magnittide^ 
yet they appear to be little more than animated masses 
of sea-water. If any one of these sea-jellies^ or jelly- 
fishes as they are often called (even the largest varieties 
of them)^ is cast upon the shore^ it is soon^ by the in- 
fluence of the sun^ converted into a mere fibre no thicker 
than a cobweb : an animal weighing seven or eight 
pounds is very soon reduced to as many grains. There 
are numerous kinds of these singular creatures^ most of 
which are remarkable for the powerful phosphorescent 
light they emit. The heroes and the pu^momgrade shine 
with an intense white light many feet below the surface, 
whilst the Ceatum Veneris, or girdle of Venus, gliding 
rapidly along, presents, on the edge of the wave, an un- 
didating riband of flame of considerable length. There 
can be no doubt that this arises from the emission of 
phosphorescent matter of an imknown kind from the 
bodies of these animals. 

The microscope has made us familiar with the mys- 
teries of a minute creation which we should not other- 
wise have comprehended. These creatures jure found 
inhabiting the waters and the land, and they exist in 
the intestinal structure of plants and animals, preying 
upon the nutritive juices which pass through their 
systems. Although these beings are so exceedingly 
small that even the most practised observer cannot 
detect them with the naked eye, they are proved, by 
carefiil examination under themiCToscope, to be in many 
cases elaborately organized. Ehrenberg has discovered 
in them filamentary nerves and nervous masses, and 
even vessels appropriated to the circulation of fluids, 
showing that they belong really to a high condition of 
existence. 

Passing over many links in that curious chain which 
appears to bind the animal kingdom into a complete 
whole, we come to the articulata of Cuvi©r-^the homo- 
gangliata of Owen. 
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All those creatures which we have been hitherto con- 
-sidering are too imperfect in the construction of their 
simple organizations to maintam a terrestrial existence ; 
they are, therefore, confined to a watery medium. In 
the articulata, we have evidences of higher attributes^ 
and indications of instincts developed in proportion to 
the increased perfection of oi^anization. Commencing 
with the annelidans, all of which, except the earth- 
worms, are inhabitants of the waters, we proceed to the 
myriapoda, presenting a system intermediate in every 
respect between that of worms and insects ; we then 
iind embraced in the same order, the class insecta, 
which indiides flies and beetles of all kinds; and, 
as the fourth division of articulated beings, the arach- 
nidans or spiders; and, lastly, the marine tribe of crus- 
taceans. 

The most remajdutble phenomena connected with 
these animals are the metamorphoses which they 
undergo. The female butterfly, for instance, lays eggs, 
which, when hatched, produce caterpillars : these live 
in this state for some time, feeding upon vegetables, 
and, after casting their skins as they increase in size, 
at last assume an entirely different state, and, dormant 
in their oblong case, they appear like dead matter. 
This chrysalis, or pupa, is generally preserved from 
injury by being embedded in the earth, from which, 
^fter a season, a beautifully perfect insect escapes, and, 
floating on the breeze of summer, enjoys its sunshine^ 
and revels amidst its flowers. ^ 

No less remarkable is the metamorphosis of the ca» 
ducibranchiate amphibia, passing^ through the true flsh 
condition of the tadpole to the perfect air-breathing 
and four-footed animal, the frog. 

A metamorphosis of the crustaceans, somewhat similar 
to that which takes place in insects, has been of. late 
jears creating much discusaon amongst naturalists: 
but the question appears to be now settled by the 
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careful and long-continued observations of Mr. Thompson 
and Mr. R. C. Couch. 

A wide Une of demarcation marks the separation of 
the invertebrata from the four great classes of vertebrate 
animals — ^fishes^ reptiles, birds, and mammaUa. Every 
part of the globe, — the ocean and the inland lake, — the 
wide and far- winding river, and the babbling stream, — 
the mountain and the valley, — ^the forest with its depth 
of shade, and the desert with its intensity of light, — 
the cold regions of the frost-chained north, and the 
fervid clime within the tropics — ^presents for our study 
innumerable animals, each fitte(l for the conditions to 
which it is destined ; and through the whole we find a 
gradual elevation in the scale of inteUigence, until at 
last, separated from all by peculiar powers, we arrive at 
man himself. 

In each of these four classes the animals are fur- 
nished with a bony skeleton, which is in the young 
animal httle more than cartilage ; but, as growth in- 
creases, lime becomes deposited, and a sufficient degree 
of hardness is thus produced to support the adult for- 
mation. Some anatomists have endeavom-ed to show 
that even in the mechanical structm-e of the bony fabrics 
of animals, we are enabled to trace a gradual increase 
in the perfection of arrangement, from the fish until the 
most perfect is found in man. Many of the mammalia, 
however, are furnished with skeletons which really 
surpass that of man. These belong to animals which 
depend for subsistence ufon their muscular powers, and 
with whom man is, in this particular, on no equality. 
What is the lord of the creation, compared with the 
antelope for fleetness, or with the elephant and many 
other animals for strength?^ 

As we ascend the scale of animal life we find a more 
perfectly developed nervous system; and the relative 
size of the brain, compared with that of the brute, is 
found progressively to increase, imtil it arrives at the 
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utmost perfection in man. On the system of nerves 
depends sensation^ and there can be no doubt that the 
more exalted the order of intelligence displayed, the 
more exquisitely delicate is the nervous system. Thus, 
in this world, refined genius must necessarily be at- . 
tended with a condition of sensibility which, too fre- 
quently, to the possessor is a state of real disease. 

It must be evident to every reader that but very few 
of the striking features of animal life have been men- 
tioned in the rapid survey which has been taken of the 
progress of animal' organization. The subject is so 
extensive that it would be quite impossible to embrace 
it within any reasonable limits; and it fiimishes 
matter so curious and so instructive, that, having once 
entered on it, it would have been difficult to have made 
any selection, and we must have devoted a volume to 
the aesthetics of natural science. Passing it by, there- 
fore, with the mere outline which has been given, we 
must proceed to consider some of the conations of 
vitality. 

Bell has proved that one set of nerves is employed in 
conveying sensation to the brain, and another set in 
transferring the desires of the will to the muscles. By 
the separation of a main branch of one of the nerves 
of sensation, although all the operations of Hfe will still 
proceed, the organ to which that nerve goes is dead to 
its particular sense. In like manner, if one of the 
nerves of volition is divided, the member will not obey 
the inclination of the brain. It is evident, therefore, 
although many of the great phenomena of vital force 
are dependent on the nervous system, and the paralysis 
of a member ensues upon the separation or the disease 
of a nerve, that the nerves are but the channels through 
which certain influences are carried. The vis vitte or 
vital principle — for we are compelled by the imperfection 
of our knowledge to associate imder this one term the 
ultimate causes of many of the phenomena of life — is a 
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power which; although Gonstanilj employed, has the 
capability of oolitiinially renewing itself by some ineK-^ 
jdicable connection existing between it and manj 
external influences. We know that certain conditions 
. are necessary to the health of animals. Diseased diges-- 
. tion, or any intermpticm in the drcnlation of the blood, 
destroys the vital force, and death ensues. The pro- 
cesses of digestion and of the circulation are perfectly 
understood, yet we are no nearer the great secret of the* 
Eying principle. 

Animals aze dependent cm several external agents for 
the support of existence. He oxygen of the air is 
necessary for respiration. Apimal heat, as will be 
shown presently, is in a great measure dependent upon, 
it. The external heat is so regulated that animal 
existence is comfortably supported. Electricity is 
without doubt an essential element in the living pro- 
cesses ; and, indeed, many physiologists have been 
inclined to rrfer vital force to the development of elec- 
tricity by chemical action in the brain. This view has, 
however, no foundation in experiment beyond that 
afforded by the appearance of electric currents, when 
the brain is excited. This proves no more than that 
the operations of mind develope physical power in tibe 
matter with which it is mysteriously connected. 

The {dienomena of the Torpedo and Gymnotus we 
have already noticed,* and there are other creatures 
which certainly possess the power of secreting and dis- 
charging electricity. Galvani's experiments, and those 
of Aldini, appear to show — and the more ddicate 
researches of Matteucci have satis&ctorily determined 

^ I» addition to the memoirs already referred to, Note p. 2il, 
see Carlisle, Os the battery of the Torpedo^ povemed by a vohuUary 
TOtwcfe.— PhiL Trans., vol. xcv. p. 11. Todd, Experiments on the 
Torpedo of the Cape qf Good Hope, — Ibid., vol. cvi. p. 120. Todd, 
Experiments on the Torpedo Electrieus at La Boehelle. — Ibid., 
voL cvii. p. 32. 
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•^that currents of electricity are always circulating in 
the animal £rame ; — ^that positrire electricity is constantly 
passing from the interior to the exterior of a muscle. 
Matteucci^ by arranging a series of musdes^ has formed 
an electric pile of some energy.* These currents 
have been detected in man, in pigeons^ fowls, eels, and 
frogs. 

Li the human body it is evident a large quantity of 
electricity exists in a state of equilibrium. Du Bois 
Eaymond has shown that we may by mere muscular 
motion give rise to electric currents which can be 
measured by the galvanometer. This, however, may be 
said of every substance. It is perhaps more easily dis- 
turbed in the human sjrstem ; indeed, the manifestation 
of sparks from the hair and oilier parts of the body by 
friction is not uncommon. Every chemical action, it 
has been already shown, gives rise to electrical mani-* 
festations; and the animal body is a laboratory, beauti- 
fully fitted with apparatus, in which nearly every 
chemical process is going on. It has been proved thi^ 
acid and alkaline principles are constantly acting upon 
each oAer through the tissues of the animal frame ; 
and we have the curious phenomena of endosmose and 
exosmose in constant effort, and catalysis or surface force, 
operating in a mysterious manner.f 

With the refined physiological questions connected 
with the phenomena of sensation we cannot deal, nor 
will any ailment be adduced for (ht against the hy- 

^ For a concise account of these experiments see Elements of 
Natural Philosophy : by Golding Bird, A.M., M.D., &c. 3rd Edi- 
tion, chap. XX p. 338. In this work all the most recent researches 
are given, and the authorities referred to; see also MatteuccTs 
interesting papers already quoted. 

f On the laws according to wkick the wMng offiMsj and their 
penetration into permeable substances^ occurs, with special reference 
to the processes in the Human and Animal Organism, by Julius 
Vogel, of Giessen : translated for the Cavendish Society. *Liebig, 
On the Motion of the Mees in the Animal Body. 
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pothesis which would refer these phenomena to some 
extraordinary development of electric force in the brain. 
The entire subject appears to stand beyond the true 
limits of science, and every attempt to pass it is in- 
variably found to lead to a confused mysticism, in which 
the refid and the ideal are strangely coirfoimded. Science 
stops short of the phenomena of vital action. 

We cannot, however, but refer to the idea entertained 
by many that the brain is an electric battery, and the 
nerves a system of conductors. On this view Sir John 
Herschel remarks: — If the brain be an electric pile 
constantly in action, it may be conceived to discharge 
itself at regular intervals, when the tension of the elec- 
tricity reaches a certain point, along the nerves which 
communicate with the heart, and thus excite the pul- 
sation of that organ.^' Priestley, however, appears to 
have been the first to promulgate this idea. 

light is an essential element in producing the grand 
phenomenon of life, though its action is ill understood. 
Where there is Hght, there is life, and any deprivation 
of this principle is rapidly followed by disease of the 
animal frame, and the destruction of the mental faculties. 
We have proof of this in the squalor of those whose ne- 
cessities compel them to labour in places to which the 
blessings of sunshine never penetrate, as in our coal- 
mines, where men having everything necessary for health, 
except light, exhibit a singularly unhealthy appearance. 
The state of fatuity and wretchedness to which those 
individuals have been reduced who have been subjected 
for years to incarceration in dark dungeons, may be re- 
ferred to the same deprivation. Again, in the peculiar 
aspect of those people who inhabit different regions of 
the earth under varying influences of light, we see evi- 
dence of the powerful effects of solar action. Other 
forces, as yet undiscovered, may, in all probability do, 
exert decided influences on the animal economy ; but^ 
although we recognize many effects which we eaxmot 
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refer to any known causes, we are perfectly unable to 
imagine the sources from which they spring. 

It will be interesting now to examine the phenomena 
of animal heat, the consideration of which naturally leads 
us to consider the digestive system, the circulatory pro- 
cesses, and the effects of nervous excitation. 

The theory, which attributes animal heat to the 
combination of the carbon of the food taken into the 
stomach with the oxygen of the air inspired through 
the lungs, has become a very favourite one. It must, 
however, be remembered that it is by no means new. 
The doctrines of Brown, known as the Brunonian 
system, and set forth in his Elementa MedictncBy are 
founded upon similar hasty generalizations. Although, 
without doubt, true in a certain degree, it is not so to 
the extent to which its advocates would have us believe. 
That the carbonaceous matter received into the stomach, 
after having undergone the process of digestion, enters 
into combination with the oxygen breathed through the 
lungs or absorbed by the skm, and is given off from 
the body in the form of carbonic acid, and that, during the 
Combination, heat is produced, by a process similar ta 
that of ordiiiary combustion, is an established fact ; but 
the idea of referring animal heat entirely to this chemical 
source, when there are other well-known causes pro- 
ducing calorific effects, is an example of the errors inta 
which an ingenious mind may be led, when eagerly 
seeking to establish a favourite hypothesis. 

Animal and vegetable diet, which is composed largely 
of carbon and hydrogen, passes into the digestive 
system, and becomes converted into the various matters 
required for the support of the animal structure. The 
blood is the principsd fluid employed in distributing over 
the system the necessary elements of health and vigour,, 
and for restoring the waste of the body. This fluid, in 
passing through the liuigs, undergoes a very remarkable 
change, and not merely assumes a different colour, but 
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really acquires new properties^ &om its exposure to tlie 
air with which the cells of these oi^ns are filled. By 
a true chemical process, the oxygen is separated from 
the air^ that oxygen is made to combine with the carbon 
and hydrogen, and carbonic acid and water are formed. 
These are Ubcrated and thrown off &om the body either 
through the lungs or by the skin. In the processes of 
life, as far as we are enabled to trace them, we see 
actions going on which are referred to certain causes 
which we appear to explain. Thus, the combination of 
the oxygen of the air with the carbon of the blood is 
truly designated a case of chemical' affinity » and we 
find that in endeavouring to imitate the processes of 
nature in the laboratory, we are, to a certain extent, 
43uooessfal. We can combine carbon and oxygen to 
produce carbonic acid ; and we know that the rerait d[ 
that combination is the development of certain definite 
quantities of heat. Let us Examine the conditions (tf 
this chemical phenomenon, and we shall find that in the 
natural and artificial processes, — for we must be allowed 
to make that distinction, — ^there are analogous circum- 
stances. K we place a piece of pure carbon, a lump of 
<3harcoal or a diamond, in a vessel of air, or even of pure 
oxygen gas, no change will take place in either ot these 
elements, and, however long they may be kept together, 
they will still be found as carbon or diamond, and 
•oxygen gas. If we apply heat to the carbon until it 
becomes incandescent, it immediately b^ns to com- 
bine with the oxygen gas, — it bums; — after a little 
time all the carbon has disappeared, and we shall find, 
if the experiment has been properly made, that a gas is 
left behind which is distinguished by properties in every 
respect the reverse of those of oxygen, supporting neither 
life nor combustion, whereas oxygen gives increased 
vigour to both. We have now, indeed, carbonic acid 
gas formed by the imion of the two principles. 

A dead mass of animal matter may be fdaoed in 
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oxygen ga&, and^ tmless some peculiar conditions are in 
some way brought about^ no change will take place ; 
but, if it were possible to apply the spark of life to it, 
as we light up the spark in tiie other case, or if, as that 
is beyond the power of man, we substitute a living 
creature, a combination between the carbon of the 
animal and the gas will immediately begin, and carbonic 
acid will be formed by the waste of animal matter, as 
in the other case it is by the destruction of the carbon ; * 
and, if there is not a fresh supply given, the animal 
must die, from the exhaustion of its fabric. Now, in 
both these cases, it is dear that, although this chemical 
union is a proximate cause of heat, there must be 
existing some power superior to it, as the ultimate cause 
thereof. 

The slow combustion (eremacausis) of v^etable 
matter, decomposing tmder the influence of moisture 
and the air, does not present similar conditions to those 
of the human body, although it has been insisted upon 
to be in every respect analogous. That the restdts^ 
resemble each other is true, but we must carefully dis- 
tinguish between efiects and causes ; and the results of 
chemical decomposition in inert matter di£Per from those 
in the living organism. The vegetalde matter has lost 
the principle of organic life, and, that gone, the tendency 
of all things being to be resolved into their most simple 
forms^ a disunion of the elements commences : oxygen, 
hydrogen, and carbon pass oflf either in the gaseous^ 
state or as water, whilst some carbon is liberated in a 
very finely-divided condition, and enters slowly into 
combination with oxygen supplied by the water or the 
air. Hydrogenous compoimds are at the same time 
formed, and, imder all these circumstances, as in all 
other (diemical phenomena, an alteration of temperature 
results. Heat results from the chemical changes, and 
eventually true combustion b^ins. 

The animal tissue may aet in thei same way as j^atina 
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has already been shown to act in producing combination 
between gases; but of this we have no proof. We 
know that electricity is capable of producing the 
required conditions^ and we also learn^ from the beau- 
tiful researches of Faraday^ that the quantity of elec- 
tricity developed during decomposition is exactly equal 
to that required to effect the combination of the same 
elements. Thus it is quite clear iiiat^ during the com- 
bination of the carbon of the blood with the oxygen of 
the air, a large amount of electricity must become 
laten^ in the compound. The source of this we know 
not : it may be derived from some secret spring within 
the living structure, or it may be gathered from the 
matter surroimding it. There is much in nervous exci- 
tation which appears like electrical phenomena, and 
attempts have been frequently made to refer sensation 
to the agency of electricity. But these are the dreams 
of the ingenious, for which there is, but little waking 
reality. 

Every mechanical movement of the body occasions 
the development of heat ; every exertion of the muscles 
produces sensible warmth ; and, indeed, it can be shown 
by experiment that every expansion of muscular fibre is 
attended with the escape of caloric, and its contraction 
with the absorption of it. There are few operations of 
the mind which do not excite the latent caloric of the 
body, and frequently we find it manifested in a very re- 
markable maimer by a suddenly-awakened feeling. The 
poet, in the pleasure of creation, glows with the ardour 
of his mind, and the blush of the innocent is but the 
exhibition of the phenomenon under some nervous ex- 
citation, produced by a spirit-disturbing thought. Thus 
we see that the processes of digestion and respiration 
are not the only sources of animal heat, but that many 
others exist to which much of the natural temperature 
of the body must be referred. 

So much that is mysterious belongs to the phenomena 
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of life, that superstition has had a wide scope for the 
exercise of its influence ; and through all ages a^ powerful 
party of mankind have imagined that the spirit of 
human curiosity must be checked before it advances to 
remove the veil from any physiological causes. Hence 
it is that even at the present day so much that stands 
between what, in our ignorance, we call the real and the 
supernatural, remains uninvestigated. Even those men 
whose mind are sceptical upon any development of the 
truths of great natiural phenomena, — who, at aU events, 
will have proof before they admit the evidence, are 
ready to give credit to the grossest absurdities which 
may be palmed upon them by ingenious charlatans, 
where the subject is man and his relations to the 
spiritual world. 

Man, and the races of animals by which he is sur- 
rounded, present a very striking group, consider them 
in whatever light we please. The gradual improvement 
of organic form, and the consequent increase of sen- 
sibility, and eventually the development of reason, are 
the grandest feature of animated creation. 

The conditions ,as to number even of the various 
classes are not the least remarkable phenomena of life. 
In the lowest orders of animals, creatures of imperfect 
organization, — consequently those to whom the condi- 
tions of pain must be nearly unknown, — ^increase by 
countless myriads. Of the infusoria and other beings, 
entire mountains have been formed, although micro- 
scopes of the highest powers are required to detect an 
individual. Higher in the scale, even among insects, 
the same remarkable conditions of increase are observed. 
Some silkworms lay from 1,000 to 2,000 eggs; the 
wasp deposits 3,000; the ant from 4,000 to 5,000. 
The queen bee lays between 5,000 and 6,000 eggs 
according to Burmeister ; but Kirby and Spence state 
that in one season the number may amount to 40,000 or 
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50,000. But, above all, the white ant {Tetmea fatalig) 
produces 86,400 eggs each day, which, continumg for a 
hinar month, gives the astonishing number of 2,419,200, 
a number far exceeding that produced by any known 
animal. 

These may appear like the statements m which a 
fictionist might indulge, but they are the sober truths 
discovered by the most pains-taking and cautious 
observers. AslA. it is necessary that such conditions 
should prevail. These insects, and all the lower tribes 
of the animal kingdom, fiirnish food for the more 
elevated races. Thousands are bom in an hour, and 
milHons upon millions perish in a day. For the sup-^ 
port of oi^anic life, like matter is required ; and we 
find that the creatures who are destined to become the 
prey of others are so constituted that they pass &om 
life with a p^ect unconsciousness of suff^ing. As the 
animal creation advances in size and strength, their 
increase becomes limited ; and thus they are prevented 
from maintaining by numbers tliat dominion over the 
world which they would be enabled from their powers 
to do, were their bands more numerous than we now 
find them. 

The comparative strength, too, of the insect tribes has^ 
ever been a subject of wonder and of admiration to the 
naturalist. The strength of these minute creatures is 
enormous ; their muscular power, in relation to their 
size, far. exceeds that of any other animal. The grass- 
hopper will spring two hundred times the length of its 
own body. The dragonfly, by its strength of wing, will 
^sustain itself in the air for a long summer day mth 
imabated speed. The house-fly makes six hundred 
strokes with its wings, which will carry it five feet, 
every second. The stag-beetle, were it the size of the 
elephant, would be able to tear up the largest mountains. 

Such are the wonders of the natural world; from the 
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zoophyte, growing like a flowering plant* upon an 
axis filled with living pith — ^a small remove from the 
conditions of vegetable life, upwards through the myriads 
of breathing tblngs — ^to man, we see the dependence 
of all upon these physical powers which we have been 
considering. 

To trace the eflfects of those great causes through all 
their mysterious phases is the work of inductive science ; 
and the truths 'discovered tend to fit us for the enjoy- 
ment of the eternal state of high intelligence to which 
every human soul aspires. 

That which the ignorant man calls the supernatural, 
the philosopher classes amongst natural phenomena. 
The ideal of the credulous man becomes the real to him 
who will bend his mind to the task of inquiry. There- 
fore to attempt to advance our knowledge of the un- 
known, to add to the stores of truth, is an employment 
worthy the high destiny of the human race. Remem- 
bering that the revelations of natural science cannot in 
any way injure the revelation of eternal truth, but, on 
the contrary, aid to estabhsh in the minds of the doubt- 
ing a firm conviction of its Divine origin and of man^s 
high position, we need never fear that we are proceeding 
too far with any inquiry, so long as we are cautious to 
examine the conditions of our own minds, that they 
be not made the dupe of the senses. 

In the fairies of the hiUs and valleys, in the gnomes 
of the caverns, in the spirits of the elements, we have 
the attempts of the mind, when the world was young, 
to give form to the dim outshadowings of something 
which was then felt to be hidden behind external 
nature. 

In the Oread, the Dryad, and the Nereid, we have, in 
like manner, an embodiment of powers which the poet- 
philosopher saw in his visions presiding over the moun- 

* A General Outline of the Animal Kingdom : by Thomas Eymer 
Jones, p. 64, et seq. 

D D 
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tain^ the forest, and the ocean. Content with these, 
invested as they lyere with poetic heauty, man for ages 
held them most religionsly sacred; hut the progress of 
natural science has destroyed this class of creations. 
*^ Great Pan is dead,'^ but tiie mountains are not voice- 
less; they speak in a more convincing tone; and, 
instead of the ear catching the dying echo of an obscure 
truth, it is gladdened with the full, dear note of nature 
in the sweetest voice proclaiming secrets which were 
unknown to the dreams of superstition. 
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GENSftAL CONCLC6iaV8« 

The Chuigee p3X)duced on Pfa3r6ical Phmomena by the Mot«« 
ment of the Solar Sjetem coo^dexiBd-*-£xertion of tbe 
Physical Forces through the Celestial Spaces — ^The Balance 
of Powers— Varieties of Matter — Extension of Matter — 
Theory of Nonentity — A Material Creation an indisputable 
fact— MvfljQtageB of the Study of Scieooe-^GoziGlusioii, 

Ws hare eKamined terrestrial plienomeiia under nuuij 
of the harmonious conditioiis ivrhidi^ with our limited 
intelligence^ we can readi by the aid of science. From 
the first exhibition of force^ in the cohesion of two 
atoins^ onward to the full devel<^ment of organic form 
in the highest ord^ of animals^ we have obsenred 
strange inftuences. We have seen the soUtaiy molecule 
invested with peculiar properties^ and regulated by 
mighty forees; we have learned that the modes of 
motion given to this beautifiil tqphere pioduoe curioas 
ehanges in the operati<m of t}iese powers ; and we may 
with safety infer that ev^ atom constituting this ^be 
is held in wonderful susp^ision against every atom of 
every star, in the celestial spaces, even to that bright 
orb in the centre of the Pleiades, around which the 
entire system of created worlds is supposed to roll. 

As we move around our own sun — in the limited 
period of 865 days, and rcnmd our own axis in 24 hours 
— we experience transitions from heat to coM, depend- 
ent upon our position in regard to that luminary and 
the laws whidh regulate the reception and retention c^ 
certain physical fimes. Maywenottiiea^tdbreeoncludi^ 
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without being charged with making any violent deduc- 
tion, that in the great revolution of our system around 
the centre of space, we are undergoing gradual changes 
which are essential to the great scheme of creation, 
though at present incomprehensible to us? 

In our consideration of the influence of time on the 
structure of the earth as we find it, we discovered that, 
in ages long past, the vegetation of the tropics existed 
upon these northern parts of the globe ; and geological 
research has also proved that over the same lands the 
cold of an arctic winter must have long prevailed — ^the 
immense glaciers of that period having left the marks of 
their movements upon the face of the existing rocks.* 
We know that during 3,000 years no change of tem- 
perature has taken place in the European climate. 
The children of Israel^ found the date and the vine 
flourishing in Canaan; and they exist there still.. 
Arago has shown that a trifling alteration of tempera- 
ture would have destroyed one or the other of these 
fruit-bearing trees, since the vine will not ripen where 
the mean temperature of the year is higher than 84°, or 
the date flourish where it sinks below that degree. 

How immense, then, the duration of time since these 
changes must have taken place ! The 432,000 years of 
Oriental mythology is a period scarcely commensurable 
with these effects ; yet, to ,the creature of three-score 
years, that period appears an eternity. The thirty- three 
millions of geographical miles which our solar system 

»K ** As to the polishing and grooving of hard rocks, it has lately 
heen ascertained that glaciers give rise to these effects when 
pushing forward sand, pebbles, and rocky fragments, and causing- 
them to grate along the bottom. Nor can there be any doubt that 
icebergs, when they run aground on the floor of the ocean, imprint 
similar marks upon it." — Principles of Geology, or the modem 
changes of the Earth and its Inhabitants considered as illustrative 
of Geology : by Charles Lyell, M.A., F.R.S. Travels through the 
Alps of Savoy, and other parts of the Pennine Chain, with Obser- 
vations on the Phenomena of Glaciers : by James D. Forbes, F.Jft.S- 
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traverses annually, if multiplied by three thousand years, 
during which we know no change has taken place, give 
us 99,000,000,000 as the distance passed over in that 
period. How wide, then, must have been the journey 
of the system in space to produce the alteration in the 
physical powers, by which these changes have been 
eflfected ! 

We have an example, and a striking one, of the varia- 
tions which may be produced in all the physical con- 
ditions of a world, in those disturbances of Uranus which 
led to the discovery of Neptune. For thirty years or 
more ceii;ain perturbations were observed in this distant 
planet, the discovery of Sir William Herschel, and 
calculation pointed to some still more remote mass of 
matter as the cause, which has been verified by its actual 
discovery. But now Uranus is at rest ; — quietly that 
star progresses, in its appointed orbit,— Neptime can no 
longer, for the present, cause it to move with greater or 
less rapidity — ^they are too remote to produce any sensible 
influence upon each other. Consequently^, for thirty years, 
itis evident, phenomena musthave occurred on the surface 
of Uranus, which can be no longer repeated until these 
two planets again arrive at the same positions in their 
respective paths which they have occupied since 1812. 
These considerations assist us in our attempts to com- 
prehend infinite time and space ; but the human mind 
fails to advance far in the great sublimity. 

Through every inch of space we have evidence of the 
exercise of such forces as we have been considering. 
Gravitation chains world to world, and holds them iQl 
suspended from, the mystic centre. Cohesion binds 
every mass of matter into a sphere, while motion exerts 
a constant power, which tends to alter the form of the 
mass. The eartVs form — ^a flattened spheroid— the 
rings of Saturn and of Neptune are the consequences 
of motion in antagonism to cohesion. Heat, radiating 
irom one planet to another, does its work in all, giving 
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yariety to matter. Light seeks out every irorld — each 
trembling star tells of the mysteiy of its presence. 
Where Ught and heat are^ chemi(^ action^ as an 
associated power^ must be piresent; and electridtj 
must do its wondrous duties amongst them all. Modi* 
fied by peculiar properties of matter, they may not 
manifest themselves in phenomena like those of our 
terrestrial nature ; but the evidence of light is a sufficient 
proof of .the presence of its kindred elements ; and it is 
difficult to nnagine all these powers in action without 
producing some form of oi^aniaation. In the rounded 
pebble which we. gather from the sea-shore, in the me- 
dusa floating bright with all the beauty of prismatic 
colour in the sun-lit sea, — ^in the animal, mighty in hi» 
strength, roaming the labyrinthine forests, or, great in 
intelligence, loolmig from this to the mysteries of other 
worlds,-^in all created things around u^, we see direct 
evidence of a beautiful adjustment of the balance of 
forces, and the harmonions arrangement of properties. 

One atom is removed from a mass and its character 
is changed ; one force being rendered more active than 
another, and the body, under its influence, ceases to be 
the same in condition. The regulation which disposes^ 
the arrangements of matter on this earth, must exist 
through the celestial spaces^ and every planet bears the 
same relation to every other ghttering mass in heaven's- 
overarching canopy, as one atom bears to another in the 
pebble, the medusa, the Hon, or the man. An indis- 
soluble bond unites them all, and the grain of sand 
which lies buried in the depth of one of our primary for- 
mations, holds, chained to it by these all-pervading 
farces, the uncounted worlds which, Kke luminous sand, 
are sprinkled by the hand of the Creator through the 
xmiverse. Thus we advance to a conception of the- one- 
ness of creation. 

The vigorous mind of that immortal bard who sang^ 
^'of man's first disobedience/' never, in the highest 
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rapture, the holiest trance of poetic conception, dreamed 
of any natural truths so sublime as those which science 
has revealed to us. 

The dependence of all the systems of worlds upon 
each other, every dust composing each individual globe 
being "weighed in a balance/^ the adjustment of the 
powers by which every physical condition is ordered, the 
disposition of matter in the mass of the earth, and the 
close relation of the kingdoms of nature, — are all reve- 
lations of natural truths, exalting the mind to the divine 
conception of the universe. 

There is a remarkable antagonism displayed in the 
operation of many of these forces. Gravitation and 
cohesion act in opposition to the repellent influences of 
caloric. Light and heat are often associated in a very 
remarkable manner; but they are certainly in their 
radiant states in antagonism to chemical action, whether 
produced by the direct agency of actinic force, or through 
the intermediate excitement of the electrical current.* 
And in relation to chemical force, as manifested in or- 
ganic combinations, we have the all-powerfal operation 
of LIFE preventing any exercise of its decomposing 
power.f As world is balanced agamst wcwrld in the 

* This may be readily proved by the following simple but in- 
structive experiment: — Take two pairs of watch-glasses; into one 
pair put a solution of nitrate of silver, into the other a weak so- 
lution of iodide of potassium ; connect the silver solution of each 
pair with the potash one by a film of cotton, and carry a platina 
wire from one glass into the other. Place one series in sunshine, 
and the other in a dark place. After a few hours it will be found 
that the little galvanic arrangement in the dark will exhibit, around 
the platina wire, a very pretty crystallization of metallic silver, 
but no such change is observable in the other exposed to light. 
If a yellow glass is interposed between thegktss and the sunshme, 
the action proceeds as when in the dark. This experiment is 
naturally suggestive of many others, and it involves somo most 
important considerations. 

f In cases of violent death it is often found the gastric jtuce 
}m8, in a few hoiirs> dissolved portions of the 8toiMMsh.<^-Dx. £udd's 
Lecture before the College of Physicians. 
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universe, so in the human fabric, in the vegetable struc- 
ture, in the crystallized gem, or in the rude rock, force 
is weighed against force, and the balance hangs in tran- 
quillity. Let but a slight disturbance occcasion a vibra- 
tion of the beam, and electricity shakes the stoutest 
h^trt with terror, at the might of its devastating power.* 
Heat melts the hardest rocks, and the earth trembles 
with volcanic struggUngs; and actinic agency, being 
freed from its chains, speedily spreads decay over the 
beautiful, and renders the lovely repulsive. 

We know matter in an infinite variety of forms, from 
the most ponderous metal to the lightest gas ; and we 
have it within our power to render the most solid bodies 
invisible in the condition of vapour. Is it not easy, then, 
to understand that matter may exist equally attenuated 
in relation to hydrogen, as that gas itself is, when com- 
pared with the metal platinum? A doubt has been 
raised against this view, from the difficulty of accoimting 
for the passage of the physical elements through solid 
masses of matter. If we, however, remember that the 
known gases have the power of transpiration through 
matter in a remarkable degree,t and that the passage of 
water through a sieve may be prevented by heat, it will 
be at once apparent that the permeation of any radiant 
body through fixed solid matter is entirely a question 
of conditions. 

We can form no idea of the size of the ultimate atom ; 
we cannot comprehend the degree of etherealization to 
which matter may be extended. Our atmosphere, 
we have seen, is only another condition of the same 
elements which compose all the organized forms of 
matter upon the earth, and, at the height reached by 
man, it is in a state of extreme attenuation. What 

* Faraday's Experimental Researches, vol. i. ; from which a 
quotation has ah-eady been made, showing the enormous quantity 
of electricity which is latent in matter. 

f On the Motion of Oases : by Professor Graham, F.R.S.— PhlL 
Trans., vol. cxxx'vi. p. ^1^. 



MATTER AND ITS FBOFEBTIES. 409 

Baiist be its condition at the distance of forty miles from 
the earth? According to known laws, certain phe- 
nomena of refraction have led us to set these bounds to 
the matter constituting our globe : but it may exist in 
such a state of tenuity, that no philosophical instrument 
constructed by human hands could measure its refracting 
power ; and who shall declare with certainty that matter 
itself may not be as far extended as we suppose its 
influences to be ? 

'' Hast thou perceived the breadth of the earth ? de- 
clare if thou knowest it all. 

'^Knowest thou the ordinances of heaven? Canst 
thou set the dominion thereof in the earth ?^' 

A cheerless philosophy, derived from the transenden- 
talism of the German schools, by an unhappy metaphy- 
sical subtlety, and grafted upon what professes to be a 
positive philosophy, but winch is not so, is spreading 
amongst us, and would teach us to regard all things 
as the mere exhibition of properties, a manifestation 
of powers; it believes not in a material creation. 
The grandeur of the earth, and the beautiful forms 
adorning it, are not entities. Yonder exquisite specimen 
of the skill of man, in which mind appears to shine 
through the marble, — ^that distant mountain which 
divides the clouds as they are driven by the winds across 
it, — ^those trees, amid whose branches the birds make 
most melodious music, — ^this flower, so redolent of per- 
fume, so bright in colour, and so symmetric in form, — 
and that lovely being who, a model of beauty and 
grace, walks the earth an impersonation of love and 
charity blended, making, indeed, " b, sunshine in a 
shady place,'^ are not realities. Certain forces combine 
to produce eflfects, all of which unite to deceive poor 
man into the belief that he is a material being, and 
the inhabitant of a material world. There may be 
ingenuity in the philosophy of this school ; its meta- 
physics, may be of a high order; but it evidently 
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adYances from the real to the ideal with such rapidity^ 
that eyery argument is based on an assumption without 
a proof; every assumption being merely a type of the 
philosophy itself^ — a baseless fabric^ a transcendental 
Tision. 

A material creation surrounds us. This earthy 
all that it contains, and the immense hosts of stellar 
worlds^ are absolute entities, surrounded with^ and in- 
terpenetrated by, certain exhibitions of creative inteUi- 
gence, which perform^ according to fixed laws, the 
mighty labours upon which depend the infinite and 
eternal mutations of matter. The origin of a grain of 
dust is hidden from our finite comprehensions ; but its 
existence should be a source of hope, that those minds 
which are alowed the privilege of tracing out its mar- 
vellous properties, — of examiniug the empyreal prin- 
ci]des upon whidi its condition, as a grain of dust, 
depends, — and even of reducing thesegiant elements ta 
do our human bidding,— r-may, affcer a period of proba- 
tion, be admitted to the enjoyment of that infinite 
power to which the great secrets of creation will be 
unveiled. 

Every motion which the accorate search of the experi- 
mentaUst has traced, every principle or power which the 
physicist has discovered, every combination which the 
chemist has detected, every form which the naturalist 
has recorded, involves reflections of an exalting character, 
which constitute the elements of the highest poetry. The 
philosophy of physical science is a grand epic, the record 
of natural science a great didactic poem. 

To study science for its useful applications merely, is. 
to limit its advantages to purely sensual ends. To 
pursue science for the sake of the truths it may reveal, 
is an endeavour to advance the elements of human 
happiness through the intelligence of the race. To 
avail ourselves of facts for the improvement of art and 
manufactures, is the duty of every nation moving in. the 
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advance of civilization. But to draw from the great 
truths of science intelligible inferences and masterly 
deductions, and from these to advance to new and beau- 
tiful abstractions, is a mental exercise which tends to 
the refinement and elevation of every human feeling. 

The mind thus exercised during the mid-day of life, 
will find in the twihght of age a divine serenity ; and, 
charmed by the music of nature, which, like a vesper 
hymn poured forth from pious souls, proclaims in devo- 
tion^s purest strain the departure of day, he will sink 
into the repose of that mysterious night which awaits 
us all, tranquil in the happy consciousness that the sun 
of truth will rise in unclouded brilliancy, and place him 
in the enjoyment of that intellectual light, which ha* 
ever been among the holiest aspirations of the human 
race. 

The task of wielding the wand of science, — of standing 
a scientific evocator within the charmed circle of its 
powers, is one which leads the mind through nature up 
to natUre^s Grod. 

Experiment and observation instruct us in the dis- 
covery of a fact; — that fact connects itself with natural 
phenomena, — the ultimate cause of which we learn from 
Divine revelation, and receive in ftdl belief, — but the 
proximate causes are reserved as trials of man^s intelli- 
gence ; and every natural truth, discovered by induction, 
enables the contemplative mind to deduce those perfect 
laws which are exemplifications of the fresh-springing 
and all enduring Poetry of Science. 
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Diamond, allotropic carbon, 43. 
— , phosphorescenee o^ 100. 
Diamagnctism, 253. 
Diamagnetic nature of gases, 259. 
Diatheraiic bodies, 94. 
DiffnsioD of gases, 323. 
Digestion a caoK of hacai, 105. 
Dip of magnetic needle, ^7« 
Dimorphifios in eryitals, 55. 
Directive power of a BMtgnet on crys- 

tals, 261. 
Distribution of cfeaents, 328. 
DivisibQity of matter, 38. 
Doebereiner's lanafi, 281. 
Dispersion of Hg^t, ] 29. 
Dra])er pn incandoMeaee, 100. 



Domas on atoms, 39. 
Dust, a grain of, 2. 

Earth, physical, the, 1, 

— density of, 31. 

— the revolution of the, 77- 

— , geological formation (d, 333. 
Earth's, motion, 11. 

— temperature dependent on the 
sun, 63. 

Effects produced by loss of best, 69. 

Eggs, number of, laid by insects, 399. 

Elective afSnity, 292. 

Electricity, 193. 

Electricity and light inflneneing crys* 

tallizatiou, 57.. 
— , kinds of, 195. 

— contained in water, 203. 

— developed by chemicBl action, 204. 
— , velocity of, 231. 

— of plants, 880. 

Electric condition of matter, 5u 

— telegraph, the, 231. 

— affinity, 275, 

Electrical phosphorescenee, 160. 

— action influenced by actinism, 183. 

— radiations, 190. 

— clock, 233. 
Electro-chemistry, 206. 
Electro culture, 223. 
Electrotype, the, 229. 
Electro-chemical deoompo^on, 208. 
Electro-magnetism, 240. 
Electrum, 193. 

Elements, chemical, 87, 272. 
— , atmospheric, 325. 
— . interchanges o^ 319. 
Englefield on heat rays, 67. 
Eocene formations, 34d. 
Equinoxes, precession of the^ 244. 
— , the vernal and astomnal, 77- 
Epicurus! hooked atoitm, 48. 
Kplpolic phensinrni, 120. 
Eremaeaiiaia, 105. 
Eiher, hypothesis of an, 120. 
Examples of crystallixition, 59. 
Expansion of bodies by heat, 9^ 
Eye,, mechanism o^ 491. 
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Fa RAD AT on Magnetism of Crystals, 
69. 

— OD solidification of gases, 112. 
«- on magnetisation of light, 147. 

— on the gymnotns, 211. 
— • on dia-magnetism, 254. 
Ferro-magnetic bodies, 255. 
Fish Lizard, the, 841. 
Fixed stars, light of, 122. 

FUnt glass, permeability to heat, 65 
Flora, fossil, 345. 
Flowers, influences of, 817. 
Fluid, magnetic theory of, 252. 
Fluorescence of light, 130. 
Forbes, Prof. Jas., on vibrations of 

heated metals, 97. 
Forbes, Prof. Edward, on zones of 

life in the ocean, 127. 
Forbes on colour of steam, 321. 
Force producing motion, 9. 

— a cause of motion, 17. 

— molecular, 40. 

— of crystallization, 61. 
Forces, active, in matter, 3. 

— balance of, 14. 

— in antagonism, 407. 
Form, change of, 2. 

— of surface, influence of, on cli- 
mate, 351. 

— variety of vegetable, 359. 
Poster describes Northern Lights, 249. 
Pox, R. "VV., on temperature of Cor- 
nish mines, 91. 

Franklin on atoms, 47. 
Franklin's kite experiment, 214. 
Preezing mixtures, 110. 
Freezing, remarkable phenomena of, 
112. 

— of water, 302. 
Friction, 17. 

Prictional electricity, 199. 
Praunhofer's dark lines, 125. 
Prankliu's experiment on heat, 75. 
Fusion influenced by pressure, 107. 

Galvanism, 201. 
Galvani's experiment, 201. 
Gases^ condensation of, ill, 290. 



Grases, magnetism of, 259. 
Gaseous constitution, 817. 
Gauss's theory of magnetism, 243. 
Generation, spontaneous, S63. 
Geological phenomena, 332. 
Germ, Treviranus on the, 361. 
Germination of seeds, 867. 
Glass,coloured, transparency toheat,65. 
Goethe's theory of colonr, 139. 
Goethe on phosphorescence, 157. 

— on the leaf, 369. 
Graham's law of diffusion, 323. 
Gravitation, 21. 

Growth explained, 52. 
— , progress of, 364. 

— defined, 883. 

Grove decomposes water by heat, 98. 
Gulf stream, the, 81. 
Gulielmini on crystallisation, 50. 
Gun cotton, 103. 
Gymnotus electricus, 211. 
Gyroscope, the, 14. 

Hansteen and Arago on Northern 

Lights, 248. 
Hansteen on magnetism, 244. 
Heat, solar and terrestrial, 62. 
— , conductors of, 90. 
— , rays absorbed by atmosphere, 63, 

73. ^ 

— and light, their relations, 64. 
— , radiation of, 82. 

— rays, coloured, 85. 

— lessens chemical affinity, 88. 

— latent, 101. 

— , decomposition by, 109, 276. 
— , scientific knowledge of, 114. 

— developed by combustion of wood 
equivalent to heat absorbed iu 
growth, 116. 

— , influence of, on magnetism, 241, 

— action of, on water, 302. 

— , influence of on plants, 371. 

— essential to life, 395, 
Heliography of M. Niepce, 170. 
Herbivorous animals, 315. 
Herschel on the nebulae, 24. 
Herschel, Sir W., on heat rays, 67. 
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Hobbes on the properties of matter^ 8. 
Hopkins on tiie temperature of fu- 
sion, 107. 
Huyghens on double refiraction, 140. 
Hydra, the, 387. 
Hydrogen, peroxide of, 298. 
~ and oxygen, 289, 297. 
Hydro-ctfrbons, 297. 
Hydro-carbon compounds, 808i 
Hypnotism, Mr. Braid on, 269. 

I0£, 801. 

Ichthyosaurus, the, 341. 

Igneous rocks, 335. 

Ignition by chemical action, 102. 

Iguanodon, the, 343. 

Incandescence, temperature of, 69-100. 

Influences of matter on heat, 79. 

Infusoria and animalculse, 387. 

Interference of light, 138. 

Intensity, magnetic, 247. 

Invisible light, Moser on, 188. 

Iodide of silver found natural, 304. 

Iodine, 804. 

Iridescent paper, 137. 

Iron, magnetic, 235. 

^-, soft, rendered magnetic, 241. 

— , rusting, 306. 

isomeric compounds, 291. 

Isomorphism, 290. 

Isothermic lines, 92. 

Isodynamic lines, 247. 

Jones, Rymer, on sponges, 345. 
Joule on anhydrous salts, 287. 
— on heat and motion, 18. 

KiBCHE&'s Magnetism, 264. 
Kupfiiar on magnetic storms, 249. 

Lamination of clay by electricity, 226. 
Land and sea, alternations of, 840. 
Laplace's theory of the universe, 23. 
Latent heat, 101. 

Lavoisier's theory of combustion, 805, 
Law of gravitation, 30. 
LawsoB^ letter from Mr^, on gemiii^ 
tion of leedS) 975. 



Leaf, the functions of the, 869. 

Leaves of plants, action on air of, 811. 

Le Yerrier on planet Neptune, 82. 

Leyden jar, the, 198. 

Lias formations, 841. 

Liebig and organic chemistry, 284. 

Life and light, 52. 

— , influence of light on, *1 58. 

— ^ dependent on light, 164. 

— , vegetable, 862. 

— , mysteries of, 398. 

Light, 118. 

— essential to life, 39. 

— of fixed stars, 122. 
— , transparency to, 124. 

— f transmission of, through AiffBrent 

media, 128. 
— , absorption of, 125. 
— , interference of, 188. 
— , polarized condition of, 141. 
— , magnetization of, 146. 
— , artificial, 162. 
— , inflnence of, on plants, 373. 

— and heat, correlation of, 64. 
Lightning conductors, 215. 
Lindley on the leaf, 370^ 
Lubbock, Sir J., on shooting stars, 22. 
Lodes, mineral, electricity of, 225. 
Luminous and aetinie jrsys diatub 

guished, 176. 

Machinb electricity, 209. 
Magellanic clouds, 25. 
Magnetic corves, 286. 

— iron ore, 237. 

— polarity, 287. 

— points of eonvergence, 244. 

— poles of the earth, 245. 

— intensity, 247. 

— storms, 249. 

— lines of no variation, 243. 
Magnetism, 285. 

— induced, 238. 

— influenced by heat, 242. 
— , universality of, 253. 
-^ of gasear 259. 

— induced by soliir, n^ 268. 
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Magiietism and deetridty, correlation 
of, 289. 

— and eryitalliBation, 57. 
Magneto^ectrical decompo8ition,280. 
Magnetisation of light, 146. 
Manganesiate of potash, 171. 
Mammalia, foasil, 848. 

Man, temperature of, 105. 

Mains on polarisation, 189. 

Mantdl, Dr., on the ignanodon, 848. 

Marietta on seat of vision, 149. 

Matter, its general conditions, 1. 

— , forms of, 21. 

— , transmutation of, 87. 

— , divisibility o^ 88. 

— , solid, absorption of heat by, 75. 

— ^ influence of, on light, 162. 

— , polarity of, 265. 

— and its properties, 409. 
— , entity of, 410. 

— , varied condition of, 86. 
Mayer'shypotiiesisof three colours,138 
Mechanism of the eye, 149. 
Media, influence of, on light, 128. 
MedussB, phosphorescence of, 159. 
Mechanical force and heat, 103. 
Melloni on coloured heat rays, 85. 

— on new nomenclature for heat, 95. 
Mesmer and electricity, 222. 
Metamorphic rocks, 336. 
Metamorphoses of animals, 889. 
Mexico, Gulf of, warmth of the, 81. 
Mica, black, transparency to heat, 66. 
Miller, Br. on dark lines of the spec- 
trum, 126. 

Mines, Cornish, temperature of, 91. 
Mineral veins, electricity of, 225. 
Miocene formations, 846. 
Mirrors, magic, 191. 
Mitscherlich on expansion of crystals 

by heat, 257. 
Molecular forces, 35, 40. 
— y compound action of, 279. 
Molecules, Dumas on, 89. 

— combination, 277. 

Morichini and Carpi on magnetism of 

violet rays of light, 268. 
Moser on invisible light, 189. 



Motion, 7. 

— a property of matter, 8. 
— , principles of, 10. 

— of the earth, 12. 

— round an axis shows the earth's 
motion, 18. 

— influence of, on form, 82. 
Mountain ranges probab^ determined 

by magnetic force, 262. 
Multiplication of life, 899. 
Musical notes produced by heaf, 97. 
Muscular contraction by elecsteicity, 

202. 
Muschenbrock of Leyden, 198. 
Mythology, ancient, probable origin 

of, 858. 

Natural polarization, 145. 
Nebulous state of matter, 23. 
Neptune, discovery of, 32. 
Newton on gravitating force, 49. 
Newton on motion, 9. 
Newton's hypothesis of matter, 4. 

— theory of heat, 115. 

— theory of light, 120. 

— theory of colours, 185. 

Niepce on the chemical radiation8,168. 

Nitrogen, magnetic neuti-aUty of, 259. 

— , combinations of, 324. 

— , supposed metallic nature of, 825. 

Nocturnal radiation, 83. 

Northern lights, the, 268. 

Obsidian transparency to heat, 66. 

Ocean, waters of, 303. 

Oersted discovers electro'^maguetism, 

238. 
Orders of animals, 386. 
Organic creation, influence, 185. 

— compounds, 283. 

- compounds, influence of light on 
them, 181. 
-chemistry, 331. 

— cell, 360. 

— remains, 337. 

Organized forms, varietiea of, 35. 

— bodies, heat of, 104. 
Organization, progress of, 885. 
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Oxides, metallic, 326. 
Oxidizable metals, 805. 
Oxygen gas magnetic, 259. 

— and nitrogen, uses of, 321. 

— and carbon in animals, 396. 
Ozone, 299. 

— and electricity, 217. 

Palladium maintaining slow com- 
bustion, 309. 
Parathermic rays, 74. 

— rays, influence in nature, 377. 
Particles, Dumas on, 39. 

Peach on phosphorescence of the sea, 

159. 
Pearsall on phosphorescence, 160. 
Pendulum, oscillation of, indicates the 

earth's motion, 13. 
Perkins on repulsion of heat, 108. 
Permeation of heat, 96. 
Perturbations of Uranus, 31. 
Pestilential diseases, 216. 
Phenomena of vision, 148. 
— , natural, of electricity, 194. 
— , recent geological, 349. 
Phosphorescence of animals, 154. 

— of plants, 1 56. 
Phosphorescent spectrum, 184. 
Phosphoric acid detected in the oldest 

rocks, 337. 
Photosphere of the sun, 123. 
Photography, 170. 
— , its importance, 180. 
Physiological influences of electricity, 

219. 
Physical forces, action of, 4, 45. 

— forces, modes of motion, 7. 

— properties of polarized light, 142. 
Physiological influences of magnetism, 

268. 
Pilchard, on the, by Couch, 315. 
Plants, distribution of, dependent on 

light, 133. 
— , phosphorescence of, 156. 

— respiration of, 312. 

— and animals, dependence of, 313. 
— , growth of, 368. 

— bend to the light, 373. 

— distribution of, 378. 



Plants of the Tropics, 881. 
Plane polarization, 141. 
" Plastic nature" of Cudworth, 10. 
Plateau's experiment on bodies relieved 

from gravitation, 33. 
Platinum maintaining slow combas- 

tion, 309. 
Plato on motion, 10. 

— on light, 119. 
Plesiosaurus, the, 341. 
Pliocene formations, 346. 

Pliicker oncrystallo-magneticforce,57. 

— on diamagnetic bodies, 256. 
Plimiule, use of, 369. 
Plutonic rocks, 334. 
Polarization, circular and elliptical, 

143. 
Polarization of light, 139. 
Polar condition of matter, 265. 
Polypes and infusoria, 387. 
Porosity of matter, 41. 
Porta, Baptista — camera obscura, 149. 
Powers, active, in nature, 405. 
Prevost, theory of, on heat, 96. 
Primary origin of our planet, 334. 
Principles of motion, 10. 
Prismatic refraction, 121. 

— rays, heat of, 67. 

— analysis of sunbeam, 134. 
Principle of gravitation, 29. 
— , elementary, 38. 
Properties, essential, of matter, 5. 
Pseudomorphism, 54. 
Psychology of flowers, 357. 
Pterodactyl, the, 342. 
Pythagorean doctrine of motion, 10. 

Qttinine, solution, influence of, on 
light, 129. 

Radiant heat, 69. 

Radiation and absorption of heat, 77. 
— , nocturnal, 83. 
Raia torpedo, 211. 

Raymond, Bu Bois, on animal elec- 
tricity, 221. 
RefrangibOity, rays of high, 180. 

— of solar forces, 168. 
Refraction, prismatic, 121. 
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Raoes, depaid«ioe of, 315. 
Repolnon of heai^ 108. 
Be8]Hntion of animals, 810. 

— pUnta, SIS. 

Bast, abtolnte and relative, 15. 
Baspiration a cause of heat, 105. 
Betina, the, 149. 
BerelatioDs of nature, 401. 
Revelation of magnetic poles, 346. 
Bobinson on decomposition by heat, 

98. 
Bock formations, 885. 
Bocks, conducting power of, 224. 
Bosse's, Lord, telescopes, 25. 
Bumford, Count, experiments on heat, 

18. 

— on chemical properties of light, 
99. 

Bings, Newton's, 137. 

Safety lamp of Davy, 309. 
Salt rock, transparency to heat, 65. 
Saturn's ring explained, 84. 
Savart on vibrating plates, 257. 
Seasons, influence of heat on Uie, 70. 
Sea, phosphorescence of, 158. 
Schonbein on ozone, 299. 
Schwabe on solar spots, 243. 
Seebeckonthermo-dectricity,211,248. 
Selenite and alabaster, 60. 
S^narmont on conducting power of 

crystals for heat, 257. 
Shooting stars, 21. 
Silicon, allotropic state of, 43. 
Silica, substitution of, 845. 
Simple bodies, chemical, 329. 
Sky of tropical climes, 319. 
Slow combustion in animals, 397. 
Smee on electricity and vitality, 219. 
Solar system, motion of, 11. 

— disc, light from, 185. 

-r-r influence on magnetism, 263. 

Solidification of gases by Faraday, 
112. 

Solstices, summer and winter, 77. 

Solar spots connected with magne- 
tism, 243. 

Sobur phosphori, 161. 



Somerville, Mrs., magnatiflw iiMdki 
by light, 263. 

Sound and light, analckgy of, 161. 

Spectra produced by polarisation of 
light, 144. 

Spectrum, dark lines of, 125. 

Spheroidal condition of fluids, 107* 

Spontaneous ignition, 807. 

Stahl on phlogiston, 805. 

Stars, shooting, theories of, 21. 

Steel ornaments incandescent, 187. 

Stereoscope, the^ 151. 

Stokes, Prof., on fluoresoenc^ ISO. 

Stratified formations, 834. 

Substitution, chemical, 279, 

— , law of, 288. 

Substances, all, electric, 197. 

Subterranean temperature, 9U 

Sulphuric acid, permeability to heat, 
65. 

Surfaces, action of, 282. 

Strength of animals, 400. 

Structure, infiuence o^ on magneiism» 
256. 

— , relation of, to physical pheno- 
mena, 257. 

Struve on motion of solar system, 12. 

Sulzar on galvanism, 201. 

Sulphuretted hydrogen, solid, 111. 

Suu, the central, 28. 

— , the source of light, 121. 

— , physical state of the, 123. 

— , a magnetic centre, 265. 

Tadpole, metamorphosis of, 389. I 

Talbofssensitive photographic process, 

178. 
Telegraph, electric, 231. 
Temperature of incandescence, 68. 
Temperature, subterranean, 01. 
Terrestrial currents of electricity, 224. 
— magnetism, 255. 
Thales of Miletus discovers electricity, 

193. 
Theories of light, 86,118. 
Thermography, 188. 
Thermometric examination of the 

temperatnre of flowers, 76. 
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Thenno-eleotricity, 209. 
Theory of motion prodacing force, 15. 
Thilorier on solid carbonic acid, 111. 
Time, iuflnence of, 332. 
Tissues, catalytic power of, 310. 
' Toarmaline, action of, on light, 142. 
Trade winds, 81. 
Transition series of rocks, 336. 
Transparency, calorific, 67. 
— , luminous, 124. 
Transmutation of matter, 37. 
Transmission of light, 128. 
Transcalescent bodies, 94. 
Trevelyan, Mr., on vibration of heated 

metals, 97. 
I^dale proves the influence of struc> 

ture on magnetism, 258. 
Type, elements of the organic, 289. 

Undulations producing colour, 131. 
XJndnlatory theory of heat, 115. 
— theory of light, 121. 
Uranus, discovery of, 31. 
Uranium glass, influence of, on light, 
129. 

Vafouii, elastic force of, 318. 
Variation, magnetic, 244. 
Vegetables conductors of electricity, 

379. 
Vegetable life, phenomena of, 357. 
Vegetation of carboniferous epoch, 339. 
Velocity of electricity, 231. 
Vertebrate animals, 890. 



Vision, pher^omena of, 148. 

Vis vita, vital principle, 391. 

Vision single with a pair of eyes, 150. 

Vitality superior to physical force, 58. 

Vision, seat of, 149. 

Volume, doctrine of, 287. 

Volcanic action referred to chemical 

action, 271. 
Volatilization of matter, 27. 
Voltaic electricity, 201. 

Water, absorption of heat by, 74. 

— frozen free of air, 112. 

— free of air, peculiar state of, 118. 
— , electricity in a drop of, 204. 

— composition of, 296. 
Wargentin*s notice of aurora, 248. 
Wave movement of heat and light, 

68. 

Wealden formations, 343. 

Wedgwood on incandescence, 100. 

Wells, Dr., on dew, 84. 

Wiedman on electrical vibrations, 257. 

Wenzel's proportional numbers, 277. 

Winds dependent on heat, 80. 

WoUaston notices dark lines in spec- 
trum, 125. 

World, its age, 404. 

YouNO on molecular forces, 49. 

Zodiacal light, 25. 
Zoophytes, microscopic, 387. 



THB END. 
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3. WILLIAW OF MALMESfiURY'S CHROMkCLE OF THE KINGS Of iNOLAHD. 
*. srx OLD ENGLISH CHRONICLES^ ^"^ , A^strr's ftHc f-f Airmh tfie CJiirftfi>iHei 

v\' hMhi^luLTil, Uiklii!^, .NvTkiiitiKn ^jC'4JlTr^ uf iluiinunnK )iiMl lipriiitriJ of Cimifiiitiff. 
5. ELUSS EARLY ENGLISH METRICAL ROMANCES, Kc'viM^a by J. OncHAafci 

IIai.luvkli. C(,nit[ile[t ii) unv vnL, witi IHfimimtf't frttniijtyifef. 
0, CHRONICLES OF THE CRUSADERS'. lliHmrtl nMWue^ Gejjffrey lie Viniatil, 

7. EARLY TRAVELS IN PALESTINE* WiUilnJil. S«.wmf, Upnjftinin of Tudek, 

^tsLiiHrvilli:, Lii |{mri(|uttiri\ nnd yia[l:nitr4?lt In oiie: xotFiiiitfi tHifi Mnf^. 

8, lOp & V2. BRAND'S POPULAR ANTIQUITIES OF GREAT BRITAIN, B| 

^iiH]lK:v|l^ Kuja lnHVni* 

6 JL n ROGE» OF WENOOVERS FLOWERS Of HISTORY if'trmtrly nsfribed 

tS. K E I G H T LE YS FAIRY M VTH O LOG Y . Kt* lut ^e-a Fmuti^iBce hyCpiiR*FiAMiu 
14, 15. &. \^ SIR THOMAS BROWNE S WOHiCS ^(^'tuJ If Simou WiJ.iti«. 
roriraii, lu 3 Vol*. Uitb I tide*. 
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BOHN'S MINIATURE LIBRARY. 

fboiMCrf ISvtOr *lt^fmtlf himnd in morono etdik. 

BARBAULD AND AIKINS EVENi ^GS AT HOME, frtmtiifjjs. 3*, 
BOURRJENHES MEMOIRS OF NAPOLEON, >f fortrmi mui f^'r^nlap. %f U, 
BUNYAN5 PiLGHtM'S PROGRESS VV-r, «i Lir't; mill XtiUf lav ^lmtt, contMlninf 

— CHEF VERS LECTURES ON* frtJuti/tp. ij W 

BYRON S POETICAL WORKS, lu I iliit* Votiimif, Htf lining ^tr^eral aii|jprei«jd P&mm 

nul iMi'liidL'il \n L,i]3aT 1'LltLi^u.i. Bi£nhfni l''mHtLjtiee*. ^^^ 
— DON JUA ''i Pi»Jitp2*^t45. F^BntixJ-'fitS, 2M.&ii^ 

COLERIDGE S SELECT POETICAL WORK^. U 

COWPERS POETICAL WORKS, wKIj l.irc b) ^SaiTii^tn iurhiliMij mil t lie ropynilil 



|'iH;»i>a i 



rd. 



ENCYCLOPftOlA OF MANNERS AND ETIQUETTE. n'iH|.»'rinitir hd tTOpn»*od 
faiCKm of ClH:aitrlitl(J'».^d^Jct lu liii* Sifii *m Men miJ M.miiura ii. 

HEBEB S 'UP.) 6>. MRS, HEMANS POETICAL V^ORIIS. 2 Vatft. ml. ^nrai^jp 9^. 

HER R ICK S POETJCAL WORKS, cfirnjikii!. Fromi^if^. flf 

JOE MTLLERS JEST BOOK- i''faHti3f)iet£. Hj, 

LONGFELLOW 5 POETtCAL WORKS, m —Voire* i f tlic Nigrit— K^ttii;r^'Uiio— E^ci 
flick iUiil Klrr-«lile— >|nijnili Mudriila— rrnJlBliilnHiH i*tttirmi ttn^i *'<Ofttt'<fi i|j. <W 

— PROSE WORKS, m.-OuiiT-ikr-llvp mii— KniMuwtfh U M 

HILTON S POETICAL WO RKS^ wJlh Lift lutct tiuim by lijt. Stmiwimii hwiI \h 
CltatiMiJii'f'a K^^uv 4^14 MUi4iii f-rutaijfi/rcf ih i\«i 

OSSIANS POEMS, ^ftli Piswitntttioji* hv MACi"Mrw3i>T« imttJr Hlmr f™**/!jfr JU 

POPES HOMERS ILlAO- Kawvon lloiuur NnJu? au\ Kjwuys fr^Hthtpteca. ;ii 

O Y SS£ Y, I u 11 U'.j rni | /''^,,|i r^^i r?f ,j , 7^ 

SCOTT S POEKCAL WORKS, fHKl l,n! m mn^ votuint /*ur/ futJ ArOMJijTr aj.W 

STURM S REFLECTIONS ON THE WOf?KS OF GOO ^n>»U^t. lit 

THOMPSONS ^c f^^c IL..1, .... ;..u... ..> L ...L-L .p ^ ^«r^/W/ If (rnif Of. 

VATHEK. ANO xf 1^, , i^^> ^ 
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